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Studies of floral morphology and em- 
bryology in Ficus are limited to only a 
few of the hundreds of species of the genus. 
The role of fig insects in pollination of 
flowers and development of embryos has 
received considerable attention especially 
in Ficus carica. Some classical works are: 
The phenomenon of fertilization in F. rox- 
burghit by Cunningham (1889); biologi- 
cal studies on figs, caprifigs and capri- 
fication by Eisen (1896) ; the female flowers 
and embryology of F. hirta by Treub 
(1902) ; and the structure and development 
of flowers in F. carica by Condit (1932). 

Embryological investigations have also 
been made by Anantaswamy Rau ( 1942 ) 
of Streblus asper; by Banerji (1953) of 
Artocarpus lakoocha; by Singh (1954) of 
Morus; and by Zamotajlov (1955) of figs. 


Material and Methods 


The material was collected locally during 
the months of March and October 1954, 
and fixed in formalin-acetic-alcohol and 
chrom-acetic-formalin. Small pieces of sy- 
conia with attached flowers were dehydrat- 
ed, cleared and imbedded in the usual way. 
Post-fertilized ovaries and drupelets! were 
dehydrated in tertiary butyl-ethyl alcohol 
series to prevent hardening. Older stages 
in which ovary walls were sclerified were 
softened in 15 per cent hydrofluoric acid 
prepared in 70 per cent alcohol. The 
male flowers were cut at 5 microns, female 
at 9-10, and drupelets at 12 microns. 
Sections were stained in iron-haematoxylin 
and safranin-fast green. 

Dissections of ovules facilitated the 
study of endosperm. These were stained 


1. The term “ drupelets ” is more accurate 
in describing fig fruits than ‘‘ seed ” or ‘ ache- 
nes ”” as pointed out by Crane & Baker (1953 ). 
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with acetocarmine and mounted in a 
mixture of glycerine-acetocarmine. Occa- 
sionally, cotton-blue was also used. 

The vascular supply of gynoecium was 
traced by clearing it with 4 per cent KOH 
at 40°C for 24 hours, washing with water 
and staining with dilute safranin. The 
vascular elements stained bright red 
and could be easily distinguished from 
the surrounding cells. Sometimes whole 
mounts were cleared by treating with a 
saturated solution of chloral hydrate or 
lactophenol. 


Floral Morphology 


The syconia arise in pairs and each is 
enclosed by three bracts (Fig. la, b). 
Several crops of syconia are borne yearly; 
those appearing in March and April 
mature during June and July. While 
one crop of fruits is maturing, the next 
one starts developing. ‘ 

The syconium has an apical ostiole 
which is more or less closed by overlap- 
ping scales ( Fig. 2). Condit (1947) dis- 
tinguished the complete orifice as ostiole 
and the external aperture as the “eye”. 

On an average each syconium bears on 
the inner wall 105-113 long-styled or seed 
flowers, 81-107 short-styled or gall flowers? 


2. Cunningham (1889) mentions that in F. 
voxburghii ‘‘ ... the total increase in the bulk of 
the gall flowers during maturation is enormous, 
and far exceeds that occuring in the case of the 
true female ones ”’. Condit & Flanders ( 1945 ), 
on the other hand, regard the term “ gall ” as 
a misnomer since short-styled flowers of F. 
carica do not show any swelling or excrescence of 
the ovary. Instead, they suggest the use of the 
term ‘‘ psenocarp ”’. In F. religiosa also we did 
not find any difference in the ovaries of short- 
and long-styled flowers in spite of the former 
being infected by Blastophaga quadraticeps. 
However, we have continued the use of the 
term ‘‘ gall’’ because of its general acceptance. 
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Figs. 1-5 — 
flower; f’, long-styled female flower; h, hairs; m, 
male flower; ms, mature syconium; 0, ostiole; p, 
perianth; pe, basal part of petiole; s, scales; sc, 
sclerified zone; vs, vascular supply; ys, young 


(a, anther; f, short-styled female 


syconium ). Fig. la, b. Parts of the same twig 


bearing young and old syconia. X 0:6. Fig. 2. 
L.s. syconium (diagrammatic). x 6. Fig. 3. 


Male flower with three hooded perianth lobes. 
x 12. Figs. 4, 5. Long- and short-styled female 
flowers, each with five perianth lobes. x 18. 


and 11-19 male flowers. The latter are 
situated around the base of the ostiole and 
each consists of a single stamen with three 
hooded perianth lobes. From the base 
of the short filament arise slender, uni- 
cellular hairs (Fig. 3). The female 
flowers have five perianth lobes ( Figs. 
4, 5), and an uniovulate ovary with a 
laterally attached style terminating in a 
simple, papillate stigma (Figs. 4, 5). 
The style is approximately 2-3 mm long 
in long-styled flowers and 0-65 mm in 
short-styled flowers. According to Duthie 
(1915 ) gall flowers predominate in Ficus 
religiosa but this is not borne out by our 
observations. The female flowers mature 
considerably ahead of the male flowers, so 
that self-pollination is precluded. 

The gynoecium shows a single bundle 
at its base, but higher up it bifurcates. 
One of the traces enters the ovule and 
spreads out below the hypostase while 
the other curves and continues into the 
style almost up to its apex ( Figs. 4, 5). 


Thus, the vascular supply as well as the 
simple stigma indicate that the second 
carpel has been suppressed. In the Urti- 
cales, the vascular supply to the suppress- 
ed carpels suggests that a polycarpellate 
structure has given rise to the bicarpellate 
( Bechtel, 1921 ) and in some cases to the 
unicarpellate condition ( Eckardt, 1937 ). 
The pollinating agent is Blastophaga 
quadraticeps, which usually completes 
its development in gall flowers, and some- 
times in seed flowers ( see page 106 ). 


Microsporangium 


The anther is 4-lobed. A hypodermal 
multicelled archesporium differentiates 
in each lobe ( Fig. 6) and the primary 
parietal layer and its derivatives give rise 
to the endothecium, four to five middle 
layers, and a tapetum (Figs. 7, 8), 
Mitosis in tapetal cells results in a 2- 
nucleate condition and in some cells the 
division is followed by a wall so that at 
places the tapetum becomes 2-layered. 
Later, the cells become highly vacuolated, 
their walls break down, and the contents 
degenerate (Fig. 17). 

With the commencement of meiosis, 
the protoplasts of the microspore mother 
cells round off and a special mucilaginous 
wall is secreted. During Meiosis II the 
spindles may lie parallel or at right angles 
to each other forming isobilateral, decus- 
sate or tetrahedral tetrads ( Figs. 9-11). 
Cytokinesis occurs by furrowing ( Fig. 9 ). 
During enlargement of microspores, the 
special mucilaginous wall is absorbed and 
the original wall breaks down. 


Male Gametophyte 


The young microspore is ellipsoidal 
with two germ pores ( Fig. 12), sometimes 
it may be triangular and have three 
germ pores ( Fig. 13). Occasionally, most 
of the pollen grains in a sac degenerate 


3. Thanks are due to Dr J. F. Perkins, De- 
partment of Entomology, British Museum 
(Natural History), London; through whose 
courtesy the identification of the pollinating 
agent of Ficus veligiosa was obtained from 
Professor G. Grandi, Institute of Entomology, 
University of Bologna ( Italy ). 


Fics. 6-31 — Fig. 6. T.s. part of anther lobe showing multicelled archesporium. x 793. 
Fig. 7. T.s. anther; dotted regions represent sporogenous tissue (diagrammatic). x 50. Fig. 8. 
Portion marked A in Fig. 7. x 793.. Fig. 9. Mother cell undergoing cytokinesis by furrowing. 
x 793. Figs. 10, 11. Decussate and tetrahedral tetrads. x 793. Figs. 12, 13. Uninucleate pollen 
grains with two and three germ pores respectively. X 793. Fig. 14. Degenerated pollen grain. 


x 793. Fig. 15. Bicelled pollen grain. x 793. Figs. 16, 18. T.s. mature anthers; dotted areas 
represent tanniferous regions (diagrammatic). x 50. Figs. 17, 19. Portions marked B and C 
in Figs. 16 and 18 respectively showing the region of dehiscence. In Fig. 17, d indicates the region 
of dehiscence. x 793. Figs. 20-25. Abnormal pollen grains; for explanation see text. x 793. 
Fizs. 26-31. Stages in germination of pollen grains in vitro; the vegetative nucleus was not seen 


in Figs. 27 and 28. x 800. 
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( Fig. 14) and in a few cases degeneration 
extended to all the sacs of an anther. 

The division of microspore nucleus is 
followed by the organization of a small 
generative and a large vegetative cell 
(Fig. 15). The pollen grains contain 
abundant starch and have a smooth 
exine ( Figs. 12, 13, 15). They are shed 
at the 2-celled stage which is also true 
for F. carica (Condit, 1932), Morus 
alba (Singh, 1954) and the fig variety 
‘ Sotinsky 7’ (Zamotajlov, 1955 ). 

Some of the epidermal cells of the 
anther wall contain tannin. The outer 
tangential wall becomes cutinized and 
shows a wavy outline ( Figs. 16, 17). At 
the same time, the endothecium, except 
in the region of dehiscence, acquires 
fibrous thickenings (Figs. 16, 17). At 
maturity the partitions between the 
microsporangia break down and they 
become confluent (Fig. 18). Dehiscence 
occurs at the junction of the pollen sacs 
( Figs. 18, 19). 

Besides the normal 2-celled pollen 
grains, one pollen sac also showed a few 
abnormal ones ( Figs. 20-25 ). These were 
of a larger size and had well developed 
exine but the nuclei were invariably 
smaller. They may have arisen as the 
result of irregular and incomplete quadri- 
partition during cytokinesis. Figs. 20-22 
indicate that the tetranucleate mother 
cell was partitioned into two binucleate 
cells ( binucleate pollen grains) in which 
the next division is arrested. Fig. 23 
shows a condition in which the invagina- 
tions are arrested soon after their initiation 
resulting in a tetranucleate pollen grain. 
Figs. 24 and 25 represent situations in 
which one and two microspores respec- 
tively have separated and reached the 
2-celled stage while rest of the contents 
have degenerated. Similar abnormalities 
have been observed in several other plants, 
e.g. Kniphofia ( Moffet, 1932), Cuscuta 
reflexa ( Johri & Tiagi, 1952) and many 
hybrids. 

The pollen grains were germinated in 
sugar-agar media by the hanging drop 
method. Maximum germination ( 54 per 
cent ) was obtained in 5 per cent sucrose 


4. Condit (1932) states that in Ficus carica 
the pollen germinates readily in a 5 per cent 
sugar solution. 
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with 0-66 per cent agar and 0-01 per cent 
boric acid. Pollen was usually sown at 
about 10 a.m. and the tubes emerged 
after 3-4 hours. During the day growth 
was rather slow but at night the tube 
showed rapid elongation. The room tem- 
perature varied from 27° to 31°C. After 
24 hours the agar films on the cover 
slips were stained with acetocarmine and 
dehydrated in acetic acid-butyl alcohol- 
xylol series. The generative cell enters 
the tube while the degenerated vegetative 
nucleus stays behind in the pollen grain 
(Fig. 26). Due to narrow diameter of 
the tube, the generative cell assumes an 
elongated appearance (Fig. 27). Occa- 
sionally, the pollen tube may bifurcate 
(Fig. 28). Figs. 29-31 show stages 
leading to the organization of two male 
cells. 


Megasporangium 


The ovule is bitegmic and crassinu- 
cellate. During reduction divisions the 
ovule enlarges and curves until it gradually 
assumes a hemi-anatropous condition 
(Figs. 32-35). The outer integument 
remains shorter and the inner alone forms 
the micropyle (compare Figs. 35, 52, 58, 
78, 80 and 82). 

Condit (1932) reported that in Ficus 
carica the micropylar canal is clearly per- 
ceptible only during the earlier stages of 
embryo sac development but later on it 
becomes more or less obliterated. Tischler 
(1912) also observed the absence of a 
micropylar opening at mature embryo sac 
stage. 

At first both the integuments are 3- 
layered, but subsequently the tip of inner 
integument becomes 4 to 5-layered. The 
apical cells of the nucellar epidermis 
and the parietal cell undergo anti- and 
periclinal divisions ( Figs. 37-40) contri- 
buting to the formation of a nucellar beak 
(Fig. 41). In F. carica (Condit, 1932) 
some of the ovules showed nucellar 
budding resulting in odd _ proliferations 
or even in secondary primordia with 
megaspore mother cells. We did not 
come across any such abnormalities in 
F. religiosa. 


re 


\ 
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Fics. 32-46 — Figs. 32-35. L.s. ovules to show progressive curvature and development of 
integuments. x 15. Fig. 36. L.s. young nucellus showing two sporogenous cells; one of the parietal 
cells has undergone a periclinal division. x 533. Fig. 37. Two sporogenous cells lying in the same 
row; the parietal cells have been derived partly from the nucellar epidermis and partly from the 
primary wallcell. x 533. Fig. 38. Megaspore mother cell. x 533. Figs. 39, 40. T-shaped and linear 
tetrads. x 533. Figs. 41-45. Stages in development of 2-, 4-, and 8-nucleate gametophytes. x 533. 
Fig. 46. Mature embryo sac. X 533. 
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Megasporogenesis and Female 
Gametophyte 


One or sometimes two hypodermal 
archesporial cells differentiate in the 
young nucellus. F. carica ( Condit, 1932) 
shows a single cell but there is a group of 
cells in Morus alba (Singh, 1954). Due 
to extensive development of parietal 
tissue, the megaspore mother cell becomes 
deep-seated ( Figs. 36-38). It undergoes 
the usual reduction divisions forming a T- 
shaped or a linear tetrad ( Figs. 39, 40), the 
latter being more common. Zamotajlov 
(1955) also observed T-shaped tetrads 
in the fig variety ‘Sotinsky 7’. 

The chalazal megaspore functions and 
its enlargement is accompanied by vacuo- 
lation. The 2-nucleate embryo sac elon- 
gates considerably, becomes broader at 
the micropylar end and tapers towards 
the chalazal end (Fig. 41). The next 
two divisions give rise to 4- and 8-nucleate 
embryo sacs ( Figs. 42-45). The mature 
gametophyte shows the usual organization 
and the polar nuclei fuse before fertiliza- 
tion (Fig. 46). Condit ( 1932) states that 
sometimes the egg simulates the synergids 
and shows a basal vacuole. This feature 
has also been noted in Ficus religiosa 
( Fig. 46). 

Cunningham’s (1889) account of the 
development of embryo sac of F. roxbur- 
gh is old and unsatisfactory. He missed 
most of the stages from megaspore mother 
cell to the formation of endosperm. 


Pollination 


It has already been pointed out that in 
F. religiosa the male, and long- as well as 
short-styled female flowers are borne in 
the same receptacle ( Fig. 2). Consider- 
able variation exists in the total length of 
female flowers, partly due to the presence 
or absence of a pedicel and partly to 
variation in the length of styles. Simul- 
taneously with the maturation of seeds in 
long-styled flowers, male? (about 1-2 mm 
in length) and female (0-8-1 mm long ) 


5. The order Hymenoptera, to which the 
genus Blastophaga belongs, is characterized by 
the production of males from unfertilized and 
females from fertilized eggs ( Flanders, 1945 ). 
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wasps (Figs. 47, 48) reach maturity in 
gall flowers. In common figs male wasps 
escape by burrowing holes in the ovary 
wall, after which they crawl over the 
flowers, impregnate the females which 
are still in the ovaries, and then perish 
( see Condit & Flanders, 1945). Probably 
the same happens in F. religiosa. The 
females also now leave the ovary and, 
while searching for the ostiole, come in 
contact with mature anthers and get pro- 
fusely dusted with pollen. At this time 
the ostiolar scales loosen and facilitate 
their exit. The wall of the syconium of 
F. religiosa often showed holes suggesting 
that the insect might sometimes bore its 
way through it. 

After escaping from a mature syconium, 
the pollen-bearing female wasp seeks out 
younger syconia. While entering, the 
wasp loses its wings which remain attached 
to the outer scales of the ostiole. Nor- 
mally a siagle wasp enters the syconium, 
crawls over the flowers and deposits one 
egg in each gall flower, between the 
nucellus and the integument (Figs. 49, 
50, 52). Some gall flowers may escape 
oviposition while several long-styled 
flowers, specially those of intermediate 
height, may be oviposited ( see page 106 ). 
The exact mode of oviposition could not 
be followed, but Fig. 52 indicates the path 
of the ovipositor. 

Cunningham (1889) mentions that in 
F. roxburghii the egg is deposited “ within 
the nucellus, lying between the epidermal 
stratum and the loose tissue surrounding 
the embryo sac, at a point just below the 
insertion of the funicle’’. In one of his 
preparations of F. carica, Condit (1932) 
also observed three larvae developing side 
by side next to nucellus. 

Both Cunningham (1889) and Condit 
( 1932, 1947) state that the ovipositor is 
inserted through the stylar canal and the 
egg is deposited in the ovule. Condit 
further calls attention to the fact that 
insertion and withdrawal of the ovipositor 
causes injury to the cells of the stylar 
canal. In Ficus religiosa the stigma is 
simple ( Figs. 4, 5 ) and not bifid as in the 
other two species mentioned above. More- 
over, the stylar canal is nearly obliterated 
in older stages. This aspect, therefore, 
requires further study. 


( 
‘ 
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maggot; ov, ovipositor ). 
30. Fig. 49. L.s. ovary 


insect egg e lodged between the nucellus 


‘Mamme’ crops, Condit considers that 
the growth of pollen tubes in the styles is 
inhibited due to injury, during oviposition, 
of the cells lining the stylar canal. To 
the best of our knowledge no one seems to 
have yet observed unmistakable pollen 
tubes in the styles and ovules of any species 
of Ficus. 

The female w soon after the 
eggs have been laid. This type of obli- 


g J 
te en tomophilv is of da symbiotic 


Fics. 52-64 — (e, egg; em, embryo; /, 
and 57, the rest are from gall flowers. 
from Fig. 52. x 84. 


6. Fig. 55. Same, stigmatic portion. 
flower. x 85. 


x 85. 


Fig. 59. Embryo sac from Fig. 58. x 85. 


marked D in Fig. 60. 
grammatic ). x 11. 
polyploid nuclei of irregular shapes. x 170. 


170. 


endosperm, the uninfected ovaries pro- 
duce normal seeds. Without the wasp, 
pollination fails and no seeds are formed. 


Endosperm® 


The development of endosperm and 
embryo in long- and short-styled flowers 
will be treated separately. 


6. A brief report of endosperm development 
has already appeared elsewhere (see Johri & 
Konar, 1955). 


larva; pov, path of ovipositor; pg, pollen grain ) 
Figs. 54-56 and 60-64 from dissected whole mounts; rest from microtome sections. 


Except Figs. 56 


Fig. 52. L.s. ovary of gall flower after deposition of insect 
egg e between nucellus and the inner integument ( diagrammatic). x 22. 


Fig. 53. Embryo sac 


Fig. 54. Short-styled female flower; stigma shows germinated pollen grains. 
Fig. 56. Free nuclear endosperm from long-styled 
Fig. 57. L.s. endosperm and embryo from long-styled flower. x 85. 
ovary from gall flower with endosperm, proembryo and advanced larva ( diagrammatic ). 
Fig. 60. 
the insect larva is lying just above the endosperm (diagrammatic). X 11. 
Fig. 62. Advanced stage of endosperm, proembryo and larva ( dia- 
Fig. 63. Portion marked E in Fig. 62. x 170. 


Big. 58, bas: 


x 11: 
Free nuclear endosperm. with proembryo; 
Fig. 61. Portion 


Fig. 64. Endosperm cells with 


LONG-STYLED FLOWERS — The endo- 
sperm is free nuclear but the nuclei do not 
divide synchronously. Some of them 
aggregate at the chalazal end; the rest 
gradually take up a peripheral position. 
Approximately 60 free nuclei were counted 
at the quadrant stage of the proembryo 
(Fig. 56). Centripetal walls are laid 
down at early globular stage of the embryo 
and usually the endosperm cells are 
uninucleate but occasionally show two 
nuclei which later fuse (Fig. 57). The 
peripheral cells elongate tangentially and 
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undergo periclinal divisions recalling a 
cambium. The entire embryo sac gets 
filled with cellular endosperm at heart- 
shaped stage of the embryo. 

SHORT-STYLED FLOWERS— In gall 
flowers the earlier stages are similar to 
those in long-styled flowers. Fig. 52 
represents the longitudinal section of an 
ovary containing an egg of Blastophaga 
quadraticeps. The embryo sac shows the 
egg, secondary nucleus and antipodal 
cells while the synergids appear to have 
degenerated and were not traceable ( Fig. 
53). An older ovule, in which. the insect 
larva had digested the nucellus and 
reached the limits of the embryo sac, 
contained free nuclear endosperm and 
a young proembryo at the quadrant stage 
( Figs. 58, 59). Figs. 60-63? show more 
advanced stages of endosperm and pro- 
embryo in ovules affected by an insect 
larva. This is significant since a con- 
current development of larva and plant 
embryo was not found in Ficus carica 
(Condit, 1932). 

When the proembryo is at the octant 
stage, cleavage furrows in endosperm 
result in the formation of multinucleate 
protoplasts (Figs. 62, 63) and nuclear 
fusions give rise to irregular polyploid 
masses (Fig. 64). These may redivide 
with or without the accompaniment of 
wall formation. In later stages the cells 
enlarge and become vacuolated ( Fig. 64 ). 

As the larva grows, it encroaches on the 
endosperm and comes to lie in a cavity 
( Fig.51). While endosperm continues to 
develop, the proembryo aborts. Finally, 
during metamorphosis, the whole of the 
endosperm is consumed by the insect, 
and when the latter hatches, the drupelet 
is practically empty. 


Embryogeny 


LONG-STYLED FLOWERS — The first 
division of the zygote ( Fig. 65 ) is trans- 
verse forming a terminal and a basal cell 
(Fig. 66). Both of them again divide 
transversely after which the lower two 
tiers divide by a longitudinal wall resulting 
in a quadrant (Fig. 67). In Fig. 68 the 


‘7. In Figs. 60 and 62 the larva is lying ap- 
pressed to the endosperm and not inside it. 
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cells of the terminal tier have undergone 
another division. Figs. 69-71 represent 
early globular stages and in the last 
two the dermatogen has also been demar- 
cated. 

In Fig. 71 the two uppermost cells form 
the short suspensor. The third tier is 
the hypophysis which appears to be a 
derivative of the terminal cell ( Figs. 70, 
71). Further divisions lead to heart- 
shaped ( Fig. 72) and then to the mature 
stage (Figs. 73, 74). 

Occasionally, an embryo may have 
three cotyledons instead of two ( Fig. 75 ). 
Tricotyledony is known as an abnormality 
in other plants also, viz. Magnolia grandi- 
flora (Earle, 1938) and Opuntia dillenii 
(Maheshwari & Chopra, 1955). In 
Degeneria vitiensis this seems to be the 
usual condition and no dicotyledonous 
embryo was ever seen (Swamy, 1949). 
Banerji (1956) has recently reviewed seve- 
ral cases of schizocotyly in angiosperms. 

SHORT-STYLED FLOWERS — Even in 
ovaries associated with Blastophaga, the 
embryo sac has a healthy egg ( Figs. 52, 
53). The development of proembryo up 


Fıcs. 65-75 — Figs. 72-75 from whole mounts, 


rest from microtome sections. Fig. 65. Zygote. 
x 475. Figs. 66-71. Progressive development 
of the proembryo. x 457. Figs. 72-74. More 
advanced stages. x 42. Fig. 75. Tricotyledonous 
embryo. x 42. 
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to the octant stage is comparable with OTR 
that in a seed flower but further progress oT aT Oye 
is arrested (Figs. 59, 63). This is evi- F ae ace isl Sl ote. 
dently not due to lack of nutrition since (ols Teeeiste 
the endosperm continues to develop. It is 1. 
likely that the larva secretes some enzymes 
or hormones which have an inhibitory 
effect on the developing proembryo. 

Frequently long-styled flowers, parti- 
cularly those of intermediate size, are 
oviposited whereas short-styled ones es- 
cape oviposition. In such cases the for- 
mer behave as gall flowers and the latter 
as seed flowers. Results of analysis of 
four syconia are given in Table 1 below. 

The course of development of the en- 
dosperm and embryo in seed and gall 
flowers of Ficus religiosa is indicated in 
Table 2. 


> FA] TH 


Fics. 76-83 — (en, endosperm; hy, hypostase; 
ii, inner integument; oi, outer integument ). 
Figs. 76, 78, 80. Outline drawings of ovules at 
functioning megaspore, 2- and early 4-nucleate 
(both nuclei dividing ) embryo sac stages. x 37. 
Figs. 77, 79, 81. Portions of integuments 
marked F, G and H in previous figures. x 400. 
Fig. 82. L.s. seed from a long-styled flower. 
x 37. Fig. 83. Portion marked J in Fig. 82 
showing details of testa and endosperm. x 400. 


TABLE 1 
SYCONIUM LONG-STYLED FLOWERS SHORT-STYLED FLOWERS 
Res os: 
Total Ovaries Percentage Total Ovaries Percentage 
number with number with 
Blastophaga Blastophaga 
1 121 6 4:9 125 67 Sl 
2 417, 3) Mel 106 58 547 
3 93 8 8-6 98 as 74-4 
4 126 14 11-1 134 70 522 
m ee eee ee 
TABLE 2 
SEED FLOWER GALL FLWOER 

1. Pollination occurs. 1. Pollination occurs. 

2. Endosperm is Nuclear. 2. Endosperm is Nuclear. 

3. Nuclear fusions in endosperm are rare. 3. Nuclear fusions are common. 

4. Mitotic figures are regular. 4. Mitotic figures are irregular. 

5. Wall formation is centripetal and occurs 5. Cleavage furrows are formed when the 
when about 170 nuclei have been form- number of endosperm nuclei has increased 
ed. to several hundred. 

6. Usually the cells are uninucleate and the 6. Most cells are 3- to 6-nucleate; large ir- 
nuclei are spherical or oval in shape. regular polyploid masses are formed by 

7. Embryo develops normally. nuclear fusions. 


8. Drupelets are albuminous, each with a . Embryo develops only up to the octant stage. 
dicotyledonous embryo; Blastophaga may . Drupelets contain Blastophaga; a normal 
develop in a few flowers. embryo may develop in some flowers. 

ne 


on 
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Seed and Fruit 


SEED CoAT— At functioning megas- 
pore stage each of the integuments is 
3-layered (Figs. 76, 77). The cells of the 
outer integument and outer epidermis of 
the inner integument enlarge and become 
vacuolated (Figs. 78-81). As develop- 
ment progresses, only outer epidermis 
of the outer integument and inner epi- 
dermis of the inner integument persist 
while the intervening layers get crushed 
(Figs. 82, 83). The outer layer of the 
testa accumulates yellowish granules while 
the inner is tanniferous, and bears a pro- 
minent, wavy cuticle on its inner tangen- 
tial wall (Figs. 82, 83). By this time 
the nucellus is completely absorbed. A 
similar condition is reported in F. carica 
CCondit, 1932). 
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PERICARP — In a longitudinal section, 
the fruit appears to be broad at the upper 
end and narrow on the sides. The ovary 
wall is distinguishable into three zones: 
Eight to ten layers of exocarp in upper 
part and six to eight layers on the sides; 
a single layer of mesocarp; and two layers 
of endocarp in upper portion and one layer 
on the sides ( Figs. 84-86 ). 

The epidermal cells of exocarp contain 
tannin and a thin cuticle is secreted on 
the outer tangential walls. The under- 
lying two to three layers become tangen- 
tially elongated and lignified, and a few 
cells may also have tannin ( Figs. 87, 88). 
Occasionally some of the radially elongated 
cells of mesocarp may divide periclinally 
so that here and there it becomes 2-layered. 
During maturation of the fruit, mesocarp 
and endocarp become highly sclerified and 


: . : . Figs. 85, 87, 89, 92 
. 84-93 — (end, endocarp; ex, exocarp; me, Mesocarp, S, seed coat) ig ‚87, 89, 
Ban, ao eee and Figs. 86, 88, 90, 93 the lateral portions of pericarp. Fig. 84. L.s. ovary 


at megaspore tetrad stage. x 26. 


Figs. 87-90. Progressive development of pericarp. x 199. Fig. 91. L.s. seed. x 26. 


Figs. 85, 86. Portions marked K and L in Fig. 84. x 199. 


Figs. 92, 93. 


Portions marked M and N in the previous figure have been enlarged to show detailed structure 
of fruit wall; mesocarp and endocarp have become highly sclerified. x 199. 
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Fics. 94-103 — (cy, druses; pr, provascular strand; scd, sclereid ). Figs. 94, 96, 98, 100. 


Developmental stages of syconium (diagrammatic). x 3. Figs. 95, 97, 99, 101. Portions marked 


O, P,Q and R in previous figures. x 119. Figs. 102, 103. Sclereids from wall of mature syconium 
(from macerated material). x 119. 
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the cell walls show prominent pit canals 
( Figs. 89-93 ). 

Condit (1932) observed more or less 
similar development of the ovary wall of 
Ficus carica. Here also maximum scleri- 
fication occurs in the cells of innermost 
layer (endocarp ) and the one next to it 
( mesocarp ). 

WALL oF SYCONIUM — During matura- 
tion, the wall of the syconium undergoes 
considerable changes ( Figs. 94-101). At 
megaspore mother cell stage it consists 
of approximately 45-50 layers of paren- 
chymatous cells (Figs. 94, 95). The 
syconium increases in size chiefly due to 
the enlargement of cells, but some may 
also divide both periclinally and anticli- 
nally. The wall is profusely supplied 
with provascular strands which show well 
developed tracheids at mature embryo 
sac stage ( Fig. 97). 

The outer tangential wall of the epi- 
dermal cells gets heavily cutinized and 
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may even become markedly wavy ( Figs. 
97, 99, 101). Two to four hypodermal 
layers enlarge and druses of calcium 
oxalate appear in some of their cells. 
Groups of cells in the next eight to twelve 
layers become highly sclerified ( Figs. 97- 
101). The secondary wall develops cons- 
picuous striations and numerous pit canals 
(Fig. 101). In whole mounts sclereids 
appear to be round, oval or oblong with 
tapering ends (Fig. 102) or are lobed 
(Fig. 103). 

Next to the sclereid zone follow several 
layers of parenchymatous cells many of 
which contain druses. Here also a few 
cells get transformed into sclereids ( Figs. 
97, 101). Gradually, intercellular spaces 
appear between the thin-walled cells 
(Fig. 99) and their walls begin to break 
down (Fig. 101). In a ripe syconium 
the parenchymatous zone contains muci- 
lage and sugar and gives rise to soft pulpy 
tissue. 


Fics. 104-114— Figs. 104-111. 


lings with two and three cotyledonary leaves respectively. X 6. 


pair of leaves has unfolded. x 6. 


Stages in germination of seeds. x 6. 


Biress 11221132 
Fig. 114. Older stage; the first 
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Several ripe syconia were collected 
during October and November 1954. The 
drupelets were cleared from the sur- 
rounding pulp and sown in petri-dishes 
lined with moistened filter paper. After 
a week, a small elliptical slit appears at 
the micropylar end and the radicle soon 
pushes out ( Figs. 104-106). The elonga- 
tion and bending of the hypocotyl pushes 
the radicle further away. A tuft of root 
hairs becomes recognizable at an early 
stage (Fig. 107). Then the seed coat splits 
longitudinally, the hypocotyl straight- 
ens upwards and elongates rapidly, and 
the cotyledons (still enclosed in the seed 
coat ) are lifted up ( Figs. 108-111). 

After about two weeks the cotyledonary 
leaves unfold and the seed coat frequently 
remains attached to one of them for some 
time longer. The cotyledonary leaves are 
thick and bright green, but their apices 
are membranous (Fig. 112) and are 
devoid of chlorophyll. Plumular growth 
is extremely slow and the first pair of 
leaves unfolds only after about two months 
( Fig. 114). Out of 239 seedlings examin- 
ed, only two showed three cotyledonary 
leaves ( Fig. 113). 


Summary and Conclusions 


The syconium of Ficus religiosa contains 
male, female and gall flowers. On the 
other hand, in F. carica ( Condit, 1932) 
the syconia containing male and short- 
styled female flowers, and those with only 
long-styled flowers, are borne on separate 
trees. 

The anther tapetum is glandular; reduc- 
tion divisions are simultaneous; micro- 
spore tetrads are isobilateral, decussate 
or tetrahedral; and the pollen is shed at 
the 2-celled stage. 

The hemianatropous ovule is bitegmic 
and crassinucellate and shows a massive 
nucellus. The development of the em- 
bryo sac conforms to the Polygonum 
type. The antipodal cells degenerate 
early and polar fusion occurs prior to 
fertilization. 

The endosperm is Nuclear. In long- 
styled flowers the number of free endo- 
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sperm nuclei is smaller, wall formation is 
centripetal, and the cells usually remain 
uninucleate. In gall flowers the number 
of free nuclei is much larger, wall for- 
mation occurs by cleavage furrows, the 
cells are 3- to 5-nucleate and the nuclei 
have a tendency to fuse. 

The first division of the zygote is trans- 
verse and a typical dicotyledonous, rarely 
tricotyledonous, embryo is formed in long- 
styled flowers. In gall flowers the pro- 
embryo develops concurrently with Blasto- 
phaga only up to the octant stage. This 
is contrary to Condit’s (1932) comment 
on F. carica: ““...no investigator has 
ever discovered a gall flower containing 
both an immature embryo and a young 
blastophaga larva’. According to him, 
the egg shows only a slight increase in 
size but it does not divide. 

Cunningham (1889), believed that 
normal pollination does not occur in 
F. roxburghit and the insect’s entry into 
the receptacle stimulates the formation 
of nucellar embryos. Bessey ( 1908 ) stated 
that in F. populnea and F. aurea, gall 
flowers which escape oviposition produce 
perfect seeds, while some of the short- 
stalked, long-styled flowers get oviposited 
and contain Blastophaga larva. Condit 
(1932) also observed fertile drupelets in 
gall flowers of “Mammoni’ and ‘ Mamme’ 
crops. Even in F. religiosa occasionally 
Blastophaga may develop in long-styled 
flowers and a normal embryo in short- 
styled flowers. 

The testa consists of two layers: outer 
epidermis of the outer integument and 
inner epidermis of the inner integument. 
The seed has a well developed embryo 
which is surrounded by several layers of 
endosperm containing fatty food reserve. 

The pericarp is distinguishable into 
three zones: exocarp, mesocarp and endo- 
carp. In mature drupelets all the layers 
become hard and stony. 

The wall of the mature syconium is 
differentiated into a heavily cutinized 
epidermis followed by a sclerotic zone, 
and finally an inner zone of parenchy- 
matous cells which gives rise to pulp. 

We are indebted to Professor P. Mahe- 
shwari for advice and comments, and to 
Professor I. J. Condit and Dr William 
Storey, Citrus Experiment Station, Uni- 
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versity of California, Riverside, Calif., 
U.S.A., for going through the manuscript 
and giving valuable suggestions. Thanks 
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are also due to Mr J. K. Maheshwari 
and Mr R. N. Chopra for assisting us in 
the preparation of this paper. 
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ADAPTIVE MORPHOLOGY OF THE PENSTEMON FLOWER* 


R. M. STRAW 
Los Angeles State College, California, U.S.A. 


Despite frequent recognition of the im- 
portance of pollinating mechanisms to the 
evolution of flowering plants ( see Grant, 
1949, 1950; Stebbins, 1950; Gundersen, 
1950; Fuller & Tippo, 1954) published 
accounts of floral morphology showing 
appreciation of the fact that pollination 
is the one process that gives real meaning 
to floral structure are exceedingly rare. 
This rarity is a continuing remnant of 
the revolt against the excesses of fre- 
quently teleological “‘ adaptationists ’’ at 
the end of the last century; its point of 
view is well expressed in the recent words 
of Pelton (1953), who wrote, concerning 
some of the papers mentioned above, that, 
“Stebbins and Grant have recently pre- 
sented some interesting hypotheses on 
the ecological significance of certain floral 
characteristics normally thought of as 
neutral in selective value, but these, along 
with many earlier described floral adap- 
tations, need additional evidence before 
complete acceptance’. The restrictive 
persistence of this once-valuable attitude 
into a period whose evolutionary theory 
is adequate to handle morphological 
adaptations with reasonable assurance is 
itself an excess no less great than that 
which it opposed. The need to consider 
the morphology of flowers, not as neutral 
in value, but as vitally important to their 
functioning and their evolution should 
readily be apparent to anyone who has 
watched an animal pollinate a flower. It 
would, indeed, be quite absurd to assert 
that the close correspondence in the forms 
and sizes of so many pollinators and the 
flowers they visit is coincidental in nature, 
which is all it could be were the floral 
characteristics really of neutral selective 
value. 


In the course of recent field investiga- 
tions of several southern California mem- 
bers of the genus Penstemon ( Scrophula- 
riaceae ) it soon became apparent that the 
obvious characteristics of these highly 
specialized flowers are particularly well 
adapted to their specific modes of pollina- 
tion. Although discussions of the im- 
portance of their floral adaptations to 
isolation and specification will be found 
elsewhere (Straw, 1955b, 1956), it seems 
important to present an amplified account 
of the nature of the adaptations of three 
species studied in somewhat greater detail 
as a supplement to those papers. These 
three species, representing basic floral 
types in the section Peltanthera ( Keck, 
1937), are Penstemon  centranthifolius 
Bentham, P. spectabilis Thurber, and 
P. palmeri Gray. 

Species of the genus Penstemon are 
characterized by sympetalous, more or 
less tubular corollas bearing four fertile 
didynamous stamens and the rudiment of 
the fifth (adaxial or upper) stamen as 
a conspicuous sterile staminode which 
is often heavily bearded. Species differ- 
ence in the forms of the flowers within 
Penstemon are perhaps not surpassed by 
any other genus of flowering plants 
( Pennell, 1935). The three species men- 
tioned above are geographic representa- 
tives of three discrete species groups 
within their section, the first two restricted 
to southern California and northern Baja 
California, and the third to the deserts of 
south-eastern California and of several 
neighboring States, and although they 
are all closely enough related to be inter- 
fertile, their appearances are strikingly 
different. P. centranthifolius, which is 
bright scarlet in color, has a narrowly 


*This paper is adapted from a portion of a doctoral dissertation prepared at the Rancho 
Santa Ana Botanic Garden and the Claremont Graduate School, Claremont, California. 
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P. spectabilis 


Figs. 1-5 — Morphology of Penstemon flower (n, nectary; ov, ovary; s,, upper stamen; So, 
lower stamen; std, staminode). Fig. 1. P. centranthifolius, L.s; base of upper stamen showing nectary 


at lower left. 


corolla removed. Fig. 3. P. spectabilis, L.s; base of upper stamen at upper left. 
Fig. 5. P. palmeri, T.s. anterior to downward flexure of 


L.s; base of upper stamen at upper left. 


Fig. 2. P. spectabilis, oblique view of essential organs and staminode, the calyx and 


Fig. 4. P. palmeri, 


staminode, showing the entrance to the tube and nectary chamber between staminode, base of 


upper stamen, and corolla on either side of staminode. 
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tubular corolla with a short limb of erect, 
subequal lobes. At the other morpholo- 
gical extreme, P. palmert has a short, 
narrow tube, an abruptly expanded, 
ventricose throat of white suffused above 
with pale blue (sometimes pink ), and a 
bilabiate limb of broad, spreading lobes 
which are light blue in color. P. specta- 
bilis, with its bright blue and purple 
colors, is morphologically intermediate, 
having a longer tube, a less expanded 
throat, and less broad, though still spread- 
ing, lips than P. palmeri. 

No less discrete are the normal polli- 
nators of these three species.. Penstemon 
centranthifolius is pollinated by humming- 
birds (especially Calypte anna and C. 
costae), P. palmeri by large carpenter 
bees ( Xylocopa californica and X. orpt- 


Approximate scale, Fig. 2. x 14, all others. 


fex), and P. spectabilis by masarid wasps 
( Pseudomasaris vespoides). In each case 
the pollinators fit closely the form and 
size of the flowers they visit, and con- 
versely, the flowers fit their visitors. 
Each flower, furthermore, possesses a 
series of adaptive morphological charac- 
teristics which are related primarily to 
its own specific pollination problem. 

We shall call those characteristics of a 
flower that contribute to the efficiency of 
its pollination floral mechanisms, and we 
find that in Penstemon the floral mecha- 
nisms are several and diverse. A careful 
consideration of their natures and func- 
tions has led to the conclusion that three 
general classes of floral mechanisms may 
be distinguished. The first are attractive 
mechanisms, whose functions are the 
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luring of appropriate pollinators to the 
flower. The second class comprises the 
pollinating mechanisms proper, which are 
concerned with the spatial and temporal 
relations of the essential organs, so that 
when a pollinator enters the flower, polli- 
nation is effected. This class is broadened 
somewhat to include several auxilliary 
and facilitating mechanisms in addition 
to those applying strictly to the essential 
organs. The third class is that of pro- 
tective mechanisms, which serve to protect 
the flower either from the unwanted in- 
trusions of visitors unable properly to 
pollinate it, or to protect the ovules from 
damage by the normal pollinators them- 
selves. None of these classes is exclusive 
in the sense that a single organ may not 
serve more than one function; each of 
the three classes will be considered in its 
turn. 

I. ATTRACTIVE MECHANISMS — Three 
things, in most cases, may be said to 
attract animal pollinators to flowers. 
These are food ( or the promise of food ), 
color, and odor. The first furnishes some 
sort of satisfaction to the pollinator, 
without which it would not return, where- 
as the second and third direct the polli- 
nator to the source of that satisfaction. 

Although there are many instances 
where insects seek shelter within flowers 
( Pseudomasaris species regularly spend the 
nights within the corollas of Penstemon 
spectabilis and other species ), or a place 
to oviposit (e.g., the Pronuba moth in 
Yucca ), the prime attraction of flowers to 
animals is almost certainly food. Pollen 
is eaten by many insects, especially among 
the coleoptera and hymenoptera, and 
many of the latter store it as food for their 
larvae as well. Were it not that so many 
flower visitors consume pollen, it seems 
likely that the amount of pollen produced 
by highly specialized flowers would be 
even more reduced, as compared to wind- 
pollinated flowers, than it already is. As 
regards Penstemon, the reduction in the 
number of fertile stamens to four is taken 
as evidence that pollen is not a primary 
food source in this genus, although Pseudo- 
masaris and several megachilid bees asso- 
ciated ( principally as parasites ) with the 
species here considered do appropriate 
some quantities for their own and larval 
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uses. In a number of instances of bat- 
and beetle-pollinated flowers, petals and 
other tissues are also consumed, but there 
is no evidence that any of the tissues of 
Penstemon flowers are so utilized by their 
pollinators. 

The attractive food of primary import- 
ance to flowers is nectar, secreted by 
nectaries within the flowers that seem to 
have no other function than the attraction 
of visitors. The association of nectar with 
animal pollination has been noted by many 
( Feldhofen, 1932; Haberlandt, 1928 ), and 
the name, “ nuptial nectaries ’’, was given 
to the intrafloral secretory organs at 
an early date ( Goebel, 1882). Through- 
out the Personales and related orders the 
nectar is usually secreted at the base of 
the ovary or by a complete or incomplete 
hypogynous disc ( Wettstein, 1897, 1935; 
Brown, 1938). The most striking excep- 
tion to this rule is the genus Penstemon. 
In most ( but not all ) of this genus the nec- 
tary is to be found on the external sides 
of the bases of the upper pair of fertile 
stamens, opposite the ovary. Although 
the four stamens and the staminode 
in Penstemon are epipetalous, the upper 
two stamens are attached only at their 
extreme bases, whereas the other three 
filaments are fused for some distance up 
the corolla tube. These facts were deter- 
mined by Delpino ( 1875 ), and the nectary 
was well described later by Errera (1878) 
and Loew (1904), but few more recent 
authors have taken note of this peculia- 
rity (discussions of the nectaries ignore 
Penstemon, those of Penstemon ignore 
the nectaries ). 

In the three species under consideration 
the nectary is a circular or elliptical spot 
on the outward sides of the staminal bases 
composed of a close-packed mass of short 
glandular trichomes, each with a single 
short basal cell and a columnar head 
divided vertically into (usually) four 
cells. In form these glands resemble 
closely the trichomes common on other 
inflorescence parts in these and other 
species of Penstemon, although they are 
much shortened, and Loew (1904) is 
probably correct in stating that, ‘ As 
intermediate forms are to be observed, 
the glands of the nectary seem to be the 
descendants of the stalked ones on the 
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vegetative and floral organs’. The nec- 
tar secreted by these glands is not copious 
and remains mostly as a drop on the sur- 
face of each nectary; in contrast with 
many members of the Scrophulariaceae, 
Penstemon has no saccate enlargement 
of the base of the corolla in which nectar 
accumulates. The nectar is sweet, but 
has not been studied in detail. 

The fact that flowers are colored at all 
is presumptive evidence that this factor is 
of some adaptive importance, and the 
works of numerous authors ( Frisch, 1914) 
indicate clearly that animals are led to 
the flowers they visit at least partly 
by the colored floral parts. This defines 
color as an attractive mechanism, and the 
further fact that differently colored flowers 
attract different pollinators also defines 
color as part of an isolating mechanism 
(Straw, 1956). The role of color in the 
latter case is one of the more difficult 
problems in floral ecology, since it involves 
the quality and magnitude of color differ- 
ences as well as the ability of pollinators to 
discriminate between them. From spec- 
trophotometric analyses of the colors of 
the three species considered here (Straw 
1955a), it has been determined that the 
color of the humming bird-pollinated 
P. centranthifolius is almost entirely out- 
side the visible spectrum for bees as it is 
now known, but is well within the range of 
vision of the birds, whereas the other two 
are visible to both birds and bees. There 
is no evidence of significant ultraviolet 
reflection in any of the spectra determined, 
so this factor may be ignored for these 
species. In the insect-pollinated species 
the broad lower lip is the most important 
colored part of the flower, serving as a 
conspicuous banner for the attraction of 
visitors. In P. centranthifolius the corol- 
la is uniformly colored throughout and 
without a conspicuous lip. 

As an isolating mechanism, odor is 
even more difficult to deal with than color, 
but there is little doubt that this, too, 
is an attractive mechanism of considerable 
importance. The early work of Frisch 
(1915, 1919) demonstrating the import- 
ance of odor to food-seeking honey bees 
has been thoroughly confirmed (Butler, 
1951 ), and it is likely that these and other 
insects discriminate easily between well- 
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marked odors and use them as aids in 
finding flowers. Their use of odor is 
apparently as a distance-mark, that is, 
the insects may take up the trail of an 
odor and follow the gradient toward its 
source from a distance at which the flower 
is still beyond their visual range. Birds, 
on the other hand, are generally considered 
unable to perceive odors ( Wallace, 1955 ), 
and true bird-flowers are typically odor- 
less ( Ali, 1932; Singh, 1933). The vast 
majority of Penstemon species have no 
odors, regardless of their pollination 
adaptations, but P. palmeri and its near 
relatives (P. grinnellii and P. eximius ) 
possess odors which Keck (1937) des- 
cribed as that of clover blossoms. It is 
quite probable that this odor is significant 
to the carpenter bees that are the regular 
pollinators of this whole species group. 

IT. POLLINATING MECHANISMS — The 
specific mechanisms of this class are of 
two types, those concerned with the posi- 
tions of the anthers and stigma in relation 
to other floral parts and the ease of trans- 
ference of pollen from the former to the 
latter, and those concerned with the pre- 
vention of selfing. These mechanisms 
are apparently the same for all members 
of the genus, and have been thoroughly 
described by Delpino (1875) and Errera 
(1878). Penstemon species belong to 
Delpino’s “ forme nototribe’’, the essential 
organs being contained in the corolla 
throat (or rarely exserted) in such a 
position as to touch the dorsum of a polli- 
nating insect or the top of an inserted 
hummingbird bill. The filaments pro- 
trude out of the corolla tube into the 
throat and curve upward, lying close to 
the wall of the throat, in such a manner 
that the anthers come to lie in pairs near 
its roof, leaving the central area of the 
throat unoccupied for the admission of 
the pollinator without disturbing the 
stamens. The style leaves the tube near 
the roof of the corolla, curves around the 
staminode which bends sharply down- 
wards at that point, and continues forward 
closely appressed to the corolla until at 
maturity the tip and stigma curve down- 
wards between the pairs of anthers or 
close to them. 

As aids to the functioning of these 
organs in P. palmeri, and usually in P. 
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spectabilis, a number of guide lines of dark 
purple color lead from the flexure of the 
lower lip into the throat in the direction 
of the nectaries. Their value appears to 
be in assisting the pollinator in finding 
the nectar ( Knuth, 1906-09; von Frisch, 
1914), and in doing so, to lead it to a 
position in which it will touch the anthers 
or stigma effectively. In P. centranthi- 
folius guide lines are normally absent, but 
the tubular shape of the corolla and the 
regular outline of the limb serve as guide 
and target to the bill of the humming- 
bird visitor. In addition, the lower 
lips in insect-pollinated species of Pens- 
temon further facilitate pollination by 
providing broad landing surfaces for 
approaching insects, whereas in humming- 
bird-pollinated flowers such a landing site, 
being unnecessary or even inhibiting, is 
ordinarily absent (Werth, 1915; Skene, 
1924; Ali, 1932). The pedicel diameters 
of the various species are adapted to the 
normal pollinators in such a way that the 
heavier pollinator is supported in the 
flower by a thicker and stronger pedicel, 
whereas the hummingbird-flower is carried 
on a thin, flexible pedicel which, in bend- 
ing as the bird moves while hovering 
before the flower, prevents much possible 
damage to the corolla and essential organs. 
A visiting hummingbird has, with regard 
to the flower, an effective weight of zero, 
Pseudomasaris vespoides weighs approxi- 
mately 200 mgs, and Xylocopa californica 
about 400 mgs; the cross-section areas 
of the xylem (a complete ring) in the 
pedicels of P. centranthifolius, P. specta- 
bilis, and P. palmeri have the approximate 
ratio of 10: 37: 44 (Straw, 1955a). 

It may be of interest to note here that 
cross-sections of stamen and staminode 
filaments in Penstemon species examined 
show conspicuous intercellular spaces, in 
contradiction of a general statement by 
Esau (1953) that the ground tissue of 
filaments shows no prominent intercellular 
Space system. No adaptive significance 
can yet be assigned to this peculiarity. 

Mechanisms to insure or facilitate out- 
crossing are common in plants (e.g. 
dioecism, heterostyly, etc.), and are gene- 
rally well known. In Penstemon we find 
a good example of protandry, which was 
recognized by Delpino ( 1875), described 
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in detail by Errera ( 1878 ), and well illus- 
trated by Clements & Long ( 1923, plate 
12) for species other than those considered 
here. There is no apparent deviation in 
the present three species from the order 
of events recognized by those authors. 
The anterior anthers open at about the 
time the flower opens, and those of the 
shorter ( upper ) pair of stamens follow in 
about 12 hours. Eighteen to 24 hours 
after the flower has opened, the stigma 
begins to bend downwards to its receptive 
position; by this time all or most of the 
pollen of at least the anterior pair of 
anthers will have been carried off under 
normal conditions. The corolla falls 
from the receptacle after about 48 hours, 
so that the male and female stages in the 
flowers examined last about 24 hours each. 
Failure of pollination apparently does not 
affect the dropping of the corolla. Self- 
compatibility relationships in these species 
have not yet been determined, and the 
protandrous condition will not prevent 
selfing from other flowers on the same 
plant, but it is fair to assume, from the 
actions of the pollinators, that outcrossing 
will at least be a common occurrence. 

III. PROTECTIVE MECHANISMS — Under 
this heading we may distinguish two kinds 
of mechanisms: (a) those that protect the 
flower from the entrance of unwelcome 
visitors (i.e. animals other than the best 
adapted pollinators ), or should this fail, 
the taking of food by them ( Kerner, 
1876), and (b) those that protect the 
ovules from damage by the normal acts 
of the pollinators (Grant, 1950). The 
first would be termed mechanical isolating 
mechanisms in the classifications of most 
authors (see Stebbins, 1950). 

The most obvious of the mechanical 
devices that limit the possible pollinators 
of Penstemon species is the diameter of the 
throat. The narrowly tubular corolla of 
P. centranthifolius excludes all but the 
very smallest of insects, and the throat of 
P. spectabilis is too narrow to permit 
carpenter bees to enter. Conversely, al- 
though all insect visitors of these species 
can (some do not, even though able to ) 
enter the corollas of P. palmeri, most do 
so without touching the essential organs 
as they crawl along the floor of the throat; 
to a lesser extent the same is true of the 
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smaller non-adapted visitors to P. specta- 
bilis. The hummingbirds are able to probe 
all of these flowers, but only in P. centran- 
thifolius is there any assurance that the 
bill will effect pollination. In P. grin- 
nellii, the southern California montane 
representative of the P. palmeri group of 
species, hummingbirds have repeatedly 
been observed to enter the corollas only 
from such an angle, near the lateral sinus 
of the corolla, as to touch the anthers 
or stigma very rarely. To the extent 
that they take nectar and yet are poor 
( or irregular ) pollinators, hummingbirds 
must be considered parasitic in the insect- 
pollinated species of Penstemon. 

The conspicuous staminode of Penste- 
mon, representing the fifth and uppermost 
stamen of the ancestral flower type, must 
have a function so important to these 
flowers that it has remained prominent 
while the fifth stamen of most of the 
Scrophulariaceae has been greatly reduc- 
ed or lost altogether. Its very presence 
presumes some function. Delpino ( 1875 ) 
considered the staminode to be an organ 
that aided the insects in finding the nectar 
( neltarovia ), analogous to guide lines, but 
Kerner (1876) and Errera ( 1878) seem 
more nearly correct in concluding that the 
deflection of the staminode from the top 
to the bottom of the corolla at the back 
of the throat imposes a barrier that pre- 
vents insects too small consistently to 
pollinate the flower from stealing nectar. 
The length of the corolla tube, at whose 
base the nectar is found and whose depth 
is determined by the staminode barrier, 
determines and/or is determined by the 
length of the proboscis of the normal 
pollinator, and the long-tongued Pseudo- 
masaris finds a longer tube in P. specta- 
bilis than the shorter-tongued carpenter 
bee finds in P. palmert. The necessary 
a priori assumption that small insects 
(and thus poor pollinators) have short pro- 
bosces is apparently confirmed in most 
of the non-adapted visitors to the species 
here observed. In P. centranthifolius the 
narrow diameter of the whole corolla 
is apparently a sufficient barrier to most 
insects, and the staminode in humming- 
bird-flowers such as this does not bend 
downwards so sharply or protectively as 
in insect-pollinated species. 
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A circular or elliptical patch of fairly- 
long-stalked glandular hairs is found on 
the inside of the corolla throat above the 
sites of the mature anthers in P. spectabilis 
and P. palmeri (and many others), but 
not in the humming bird-pollinated species. 
It is believed that these hairs may serve to 
hinder small, promiscuous bees that might 
attempt to steal pollen by clinging to the 
roof of the corolla above the anthers. 
Since it is known, however, that several 
kinds of small bees may grasp the anthers 
or filaments themselves while extracting 
pollen, these glandular patches must be 
judged incompletely effective in this 
regard. Yet their persistence and com- 
mon occurrence presumes at least partial 
effectiveness in this or some other, un- 
known, function. 

Three other pubescent regions may be 
found inside the corollas of some species. 
The bases of the upper stamens in 
P. palmeri are densely hairy, and these 
hairs probably serve to keep smaller short- 
tongued insects from the nectar in the 
relatively short tube of this species, in 
conjunction with the staminode barrier. 
The carpenter bees seem unaffected by 
such hairs in this or in other species they 
visit. A line of sparse, shaggy hairs along 
the lower lip of P. palmeri ( sometimes also 
in P. spectabilis ) furnishes some footholds 
for insects within the corollas, and is thus 
mainly facilitating rather than protective. 
Similarly shaggy hairs on the staminode 
of the former species may have a dual 
function, however, in that they appear 
to cause pollinating insects to keep their 
bodies high enough to insure pollination, 
and they impose a barrier to smaller 
insects that might otherwise attempt to 
reach the essential organs by standing 
upright or by climbing upon them. Both 
the small insects and the hummingbirds, 
as noted above, enter the corolla from the 
sides and avoid the hairy staminode. 
The suggestion that the beard collects 
pollen fallen from the anthers and selfs 
the flower, if it is not insect-pollinated, 
by a curving upward of the staminode as 
the flower ages (Pasquale, 1893) is 
obviously valueless with regard to the 
many glabrous-staminoded species, and 
unconvincing with regard to the others. 
The staminodes of P. centranthifolius and 
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P. spectabilis are typically glabrous, and 
hairiness acquired accidentally through 
introgression is apparently strongly select- 
ed against in nature. 

Although few of the Scrophulariaceae 
have special features that might be con- 
sidered protection for the ovules ( Grant, 
1950 ), Penstemon achieves such protection 
by the shifting of the nectaries from the 
ovary base, where a non-functional rem- 
nant of the ancestral hypogynous disc 
may still be found, to the outer bases of 
the upper pair of stamens. These stamen 
bases are broadened and somewhat an- 
gular, and protect the ovary from above 
and laterally by being interposed between 
the probing bill or proboscis of a pollinator 
and the ovary. Since the corolla is some- 
what geniculate in all of these species, 
the nectaries and the approach to them 
through the aperture between the stami- 
node, the filaments of these same anthers, 
and the corolla wall at the entrance to the 
tube are on a plane approximately median- 
horizontal to the main axis of the throat, 
whereas the ovary lies below this plane 
and out of reach. 

The two unique features of Penstemon 
as a genus, then, are both believed to have 
protective functions, which may serve to 
demonstrate the importance of this class 
of mechanisms. There is very little about 
the morphology of the Penstemon flower 
that cannot be seen to have obvious adap- 
tive significance, and perhaps even less that 
can be accused of selective neutrality. 


Summary 


Floral mechanisms are those features of 
a flower that contribute to the efficiency 
of its pollination. In specialized animal- 
pollinated flowers three classes of floral 
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mechanisms can be distinguished: (1) 
attractive mechanisms that lure a polli- 
nator to a flower, (2) pollinating mecha- 
nisms that ensure or aid in the actual 
transfer of pollen from the anthers ( of one 
flower) to the stigma ( of another ), and 
(3) protective mechanisms that prevent 
or minimize the deleterious effects of un- 
adapted pollinators and protect the ovules 
from damage. In three Penstemon species 
considered in detail, nectar, color, and 
odor are found to be attractive in function. 
The anthers and stigma are so placed as 
to touch the backs of pollinating insects 
or the tops of the bills of pollinating 
humming birds, with guide lines, the sizes 
of the lips, and the diameters of the pedi- 
cels of the various species contributing to 
their functioning. Self-pollination is res- 
tricted, if not prevented, by protandry. 
Protective mechanisms ‚include the per- 
sistence and peculiar form ofthestaminode, 
the diameter of the corolla throat, glan- 
dular hairs within the throat, and the 
unique epistaminal nectaries. Few, if 
any, conspicuous features of the flowers of 
Penstemon are considered to have neutral 
selective value, and most characteristics 
of this highly specialized genus are clearly 
adaptive to efficient pollination. 
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DO NEW TYPES OF EMBRYO SAC DEVELOPMENT 
OCCUR IN ANTENNARIA CARPATICA ? 


E. BATTAGLIA 
Botanical Institute, University of Pisa, Italy 


Recently Bergman (1951) studied the 
development of the embryo sac in Anten- 
naria carpatica and observed three condi- 
tions: regular meiosis (tetrad of megas- 
pores); almost regular meiosis ( tetrad 
of megaspores with supernumerary micro- 
nuclei ); and more abnormal meiosis with 


restitution nuclei in both the first and the 
second meiotic divisions (dyads instead 
of tetrads of megaspores!). Bergman, 
deducing the restitutional origin of the 


1. Somatic apospory also occurs in Antennaria 
carpatica ( Bergman, 1951). 
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nuclei from their dumb-bell shape, believes 
that his Figs. 11-13 (here reproduced as 
Fig. 2B-D ) represent examples of nuclear 
restitution in the first division, and Figs. 
14 and 15 (here Fig. 2E, F) represent 
restitution in the second meiotic division. 
The restitution nuclei, he says, are capable 
of forming viable embryo sacs with the 
unreduced chromosome number (2n = 
40-42 ). 

In my opinion these are examples of 
two new types of embryo sac development 
in angiosperms. However, it appears 
that unreduced embryo sacs ( 2n = 40-42 ) 
are formed only when restitution occurs 
at the second meiotic division. If resti- 
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Fic. 1 — Examples of non-haploid types of embryo sacs 
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tution occurs in the first meiotic division, 
and such a uninucleate cell functions as 
the initial cell of the embryo sac, the 
female gametophyte must contain twice 
the somatic chromosome number ( 4n = 
80-84). Fig. 1A,D are diagrammatic 
representations of the development of the 
embryo sac in these two new types. Fig. 
1D shows the formation of a restitution 
nucleus in the second meiotic division only 
and is self-explanatory; 1A requires some 
explanation. A restitution nucleus form- 
ed at the end of the first meiotic division 
possesses the unreduced (2n) or somatic 
number of chromosomes. Such chromo- 
somes are usually halves of disjoined 
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1 G.M.C., gynospore ( megaspore ) 


spore morphogenesis or separation of the spores 


and their maturation; growth, growth of the functional megaspore including the well known “ vacuo- 


lization” ; wall form., wall formation; oomorph., oomorphogenesis ]. 
mother cell is drawn with two univalents in 4 and C, ji 
formation of a restitution nucleus at the end of the 
consequence of the occurrence of univalents at diakinesis. 
genesis has been represented by the prophase and 


( “ diplounivalent mitosis ’’ for 


stands for suppression of a division. 


The megaspore ( gynospore ) 
and with one bivalent in B and D, because the 
first division of meiosis has been considered a 
In all figures the first division of somato- 


anaphase to show clearly the chromosome structure 
C l or A and B, and the usual “ monochromosome mitosis ” in C and 
D). For clarity of karyological details, two chromosomes ( both nucleolar 
on the short arm) have been considered to represent the diploid ( unreduced ) complement 
sequently, nuclei with 2 or 4 nucleoli will be respectively 


and having a satellite 
diplc Con- 
diploid and tetraploid. The symbol (— ) 


Fic. 2—Restitutional meiosis in Antennaria carpatica (after Bergman’s Figs.10-17). Bergman’s 


interpretation: A, abnormal heterotypic division. 
E, F, restitution nuclei formed at the end of the homotypic division. 
H, unreduced binucleate embryo sac. 


heterotypic division. 
unreduced uni-nucleate embryo sac. 


Interpretation suggested here: A-C, as above. 


B-D, restitution nuclei formed at the end of the 
G, an 


D, uninucleate unreduced embryo sac de- 


veloped according to the Taraxacum type, upper degenerated megaspore having probably been 


missed. E, dyad of unreduced megaspores (as in Taraxacum type). 
G, H, uni- and bi-nucleate embryo sacs, probably un- 


degenerated megaspore is still visible. 
reduced. 


bivalents (at the anaphase of the first 
meiotic division ), or undivided univalents. 
In all cases, each chromosome possesses 
the structure of a “ pair of chromatids ”’. 
In Antennaria carpatica, according to 
the interpretation given by Bergman, the 
cell containing a heterotypic restitution 


F, similar to D but upper 


nucleus? functions as the initial cell of the 
embryo sac. Asa rule, the chromosomes 
of the restitution nucleus become dupli- 
cated before the beginning of this division, 


2. A heterotypic restitution nucleus means a 
restitution nucleus formed at the end of the 
heterotypic division or Meiosis I. 
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thus attaining the status of “ pairs of pairs 
of chromatids®’’. Therefore, the first divi- 
sion of the embryo sac proceeds as a 
‘“ diplounivalent mitosis’’ (Battaglia, 
1947). During the course of this division 
each diplounivalent disjoins into four 
chromatids ( two for each pole). Conse- 
quently, a restitution nucleus with the 
unreduced (2n = 40-42) number of di- 
plounivalents produces two nuclei each 
having 4n = 80-84, i.e. twice the somatic 
number. 

Diplounivalents were observed and 
correctly interpreted for the first time by 
Satina & Blakeslee ( 1935 ) in Datura which 
led to the characterization of this type of 
development as the‘ Datura type ’ ( Batta- 
glia, 1951). This is shown in Fig. 1B. 
However, the embryo sac development of 
Datura differs from that of Antennaria 
carpatica, as can be seen by comparing 
Fig. 1A and B. According to Bergman, 
in Antennaria carpatica the megaspore 
mother cells containing the restitution 
nuclei function as the initial cells of the 
embryo sac (Fig. 1A, D). But Bergman’s 
own figures suggest a different interpre- 
tation. Firstly, Bergman considers all 
resting nuclei showing a dumb-bell shape 
as restitution nuclei, an inference which 
is not always correct. A dumb-bell shape 
in telophase nuclei is no doubt a strong 
indication of restitution, since the peculiar 
shape is a consequence of the peculiar 
disposition of chromosomes at the time of 
restoration of the nuclear membrane, but 
in resting nuclei a dumb-bell shape may 
or may not be an indication of a restitu- 
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tional origin of the nucleus. In fact the 
supposed restitution nuclei of Antennaria 
carpatica ( Bergman’s Figs. 13-15; here 
Fig. 2D-F ) possess the same dumb-bell 
shape with two large nucledli ( each located 
at the opposite ends of the nucleus ) so 
frequently observed in the two unreduced 
nuclei of binucleate embryo sacs of Eri- 
geron karwinskianus var. mucronatus ( see 
Carano, 1921; Fagerlind, 1947; Battaglia, 
1950) and Statice oleaefolia ( D’Amato, 
1949 )4, It is clear that here the dumb- 
bell shape is closely associated with the 
occurrence of two large nucleoli. Further 
the elongation of the megaspore mother 
cell or the embryo sac, as the case may be, 
and even the disposition of the nucleus 
along the main axis of the cell, may affect 
its shape. Therefore, the nuclei shown 
by Bergman in his Figs. 13-16 (here 
reproduced as Fig. 2D-G) can also be 
interpreted as unreduced, originating by 
the division of a heterotypic restitution 
nucleus. His Fig. 14 (Fig. 2E here) 
would then represent a dyad of unreduced 
megaspores; Fig. 15 (Fig. 2F ) a stage in 
which the lower megaspore functions as 
the initial cell of the embryo sac; and Figs. 
13 and 16 ( Fig. 2D, G) the uninucleate 
embryo sac in a more advanced stage of 
development. Probably the upper de- 
generating megaspore was overlooked in 
Fig. 13 (Fig. 2D). According to this 
interpretation the development of the 
embryo sac in Antennaria carpatica corres- 
ponds to that in Taraxacum, Chondrilla 
and other apomicts and designated as the 
Taraxacum-type (see Fig. 1C). 
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PROBLEMS AND METHODS IN FLORAL ANATOMY 


1B} NG ISUNDIE, 
State University Teachers College, Cortland, New York 


The shortcomings of much _ botanical 
work have their roots in the common 
tendency to exploit a method, or tech- 
nique, for all it is worth. Much research 
starts with a method already established 
and seeks problems to which the method 
may be applied, instead of beginning with 
the problem and applying to it all the 
methods that promise results. Floral 
anatomy is especially prone to this failing; 
it is easy to make slides of flowers of one 
taxonomic group after another, write des- 
criptions of their vascular anatomy, and 
draw conclusions as to evolutionary rela- 
tionships, forgetting that such conclusions 
are no better than the premises on which 
they are based. If progress is to be made, 
the researcher must pause, now and then, 
to re-examine his methods and basic as- 
sumptions. 

The chief need of floral anatomy is not, 
however, for “‘ New Look ’’ methods or 
revolutionary points of view, but for the 
observance of certain time-honored scienti- 
fic safeguards, which are generally agreed 
to in theory, though too often slighted in 
practice. Of these safeguards, I should 
like to discuss four: the avoidance of un- 
bridled speculation; the use of statistically 
adequate material, frequent reassessment 


of basic assumptions, and a healthy sus- 
picion of authority. 

The investigator should leap cautiously 
from data to concepts: he ought to climb 
high, yet avoid the danger of stepping off 
the ladder of facts into the thin air of 
speculation. The tendency to carry spe- 
culations to lengths unwarranted by the 
facts manifests itself in far-reaching 
phylogenetic conclusions based on anato- 
mical data used in isolation. Such con- 
clusions are of doubtful validity. No 
truly ‘“‘natural’’ classification of the 
flowering plants can be derived from a 
single type of data, such as, for example, 
the nature of the flower’s nectariferous 
disk, but will have to rest upon a wide 
range of pertinent facts furnished by as 
many of the botanical subsciences as 
possible. At best, floral anatomy can 
only furnish one of several types of data 
required for the necessary synthetic treat- 
ment. 

Perhaps the most flagrant abuse of 
scientific methods by floral anatomists is 
the use of insufficient material. Many 
authors give no indication of the extent 
of the material used; the reader is left to 
guess whether one or one hundred flowers 
were examined. Other authors admit the 
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inadequacy of their material, in many 
cases a few, or even a single flower, having 
been examined. Since the description 
of a plant species is by its very nature 
statistical, all the individuals of the species 
being by no means identical, sound con- 
clusions can hardly be based on such 
limited data. When unavoidable circums- 
tances necessitate the use of scanty mate- 
rial, the investigator should not, in any 
case fail to state the fact, and be cautious 
in forming concepts. I suspect that in 
many cases where two authors disagree 
on anatomical facts, both might be right: 
working with insufficient material, each 
has described one of the conditions to be 
found. 

Such a thorough investigation of a 
taxonomic group as is urged here would, 
of course, limit the fraction of the plant 
kingdom that a given worker could con- 
cern himself with. This would, in my 
opinion, be beneficial: what is needed is 
not more studies of a superficial sort, as 
when conclusions about a family’s taxo- 
nomic and phylogenetic relationships are 
based on the study of a small minority 
of its species, but more thorough investi- 
gations of single families or even genera. 
Studying only a few of the species of a 
family tells one as little about a family 
as the study of a single flower tells about 
a species. 

The ignoring of statistical requirements 
by floral anatomists is a result of the 
assumption, tacit or expressed, that all 
the plants of a species are alike, at least 
in their vascular anatomy. Evidence 
that this assumption is unfounded is 
furnished by Hall (1954) and Venning 
(1948). The disregard of variability by 
floral anatomists is not an indication that 
anatomical characters do not vary, but 
means rather that anatomists have not 
concerned themselves enough with varia- 
bility. 

Other assumptions of floral anatomy 
are open to question. It is easy, for- 
getting that these assumptions are really 
hypotheses, to treat them as if they were 
established facts. Phylogenetic schemes 
are often based on questionable premises 
concerning the nature of the evolutionary 
process. That a character may have 
arisen more than once, in different bran- 
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ches of the evolutionary tree, and that 
consequently its occurrence in two taxo- 
nomic groups does not necessarily indicate 
their close genetical affinity, is frequently 
overlooked. When the floral anatomy 
of extinct species of a group is unknown, 
it is impossible to determine whether two 
living species arose one from the other, 
or both from a common ancestor that no 
longer exists. Under such conditions, 
views as to the characteristics of the 
“missing links’’ are purely speculative. 
It is difficult to know whether a group 
of species that could conceivably have 
evolved in a single linear series, actually 
did so; they probably didn’t, since the 
evolutionary tree is undoubtedly much 
branched, and even to some extent netted 
through hybridization. Here the danger 
of too narrow specialization becomes 
critical: the flower’s vascular tissue, nor 
even the whole flower, did not evolve in 
isolation; it is the entire plant, in all its 
developmental stages, that is acted upon 
by natural selection. 

One of the weightiest assumptions, a 
very cornerstone, in fact, of much work 
in floral anatomy, is that of the “ con- 
servative’’ nature of vascular tissue. 
According to this premise, the vascu- 
lar skeleton of a flower is less vari- 
able than the external characteristics 
on which taxonomists largely depend, 
and less affected by environmental dif- 
ferences. Anatomical data are believed 
to furnish, consequently, a more secure 
basis for phylogenetic hypotheses. A 
corollary of this view is that of “ vesti- 
gial’’ vascular tissue — vascular bundles 
that persist after the appendages they 
supplied have been lost in the evolu- 
tionary process. There is good reason to 
doubt that “‘ dead end ”’ vascular strands, 
functionally superfluous, persist in 
flowers after the appendages they suppli- 
ed have been lost phylogenetically. Or, 
if such vestiges do exist, one can question 
whether they occur frequently enough in 
a given taxon to be phylogenetically signi- 
ficant. 

In my own slides of Acer flowers, I have 
found only one flower, of A. pseudoplata- 
nus, that appeared to contain vestigial 
vascular strands (Hall, 1951). These 
were apparently ventral carpel traces, 
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additional to those extending into the two 
carpels of the flower. They were weak 
procambial strands, less developed than 
the normal ventrals of the flower. A 
possible explanation of this case, one that 
would lessen its phylogenetic significance, 
may be suggested. In this, as in other 
Acer species, occasional flowers occur 
having three, four, or even five carpels, 
instead of the usual two. The “ vesti- 
gial’’ procambial strands in question 
might well have arisen in association with 
carpel primordia that aborted early in 
their development. This is of course 
quite a different matter from the regular 
occurrence of vestigial carpel traces in all, 
or even most, flowers of the species, un- 
associated in their ontogeny with abortive 
carpel primordia. That vascular traces 
ever arise in complete independence of 
appendage primordia is open to question. 
This problem will never be solved without 
investigations of the ontogeny of the 
vascular tissue of the flower — a field that 
has been largely neglected — with special 
consideration of the developmental! rela- 
tionship between procambial strands and 
appendage primordia. Without much la- 
borious study of microscope slides, it will 
never be solved by mere speculation. 
Cases have been reported where flowers 
lacking certain parts, yet in the closest 
possible genetical relationship to other 
flowers having these parts ( as when both 
reduced and unreduced flowers occur on 
the same individual plant), have no 
vestiges of traces to the missing parts. 
Thus Joshi (1940) reports a flower of 
Gagea fascicularis that had pentamerous 
instead of the usual hexamerous appen- 
dages. In this flower he found no vestiges 
of vascular tissue of the missing parts. 
He considered this to be good evidence 
against the presumed conservative nature 
of vascular tissue. Hall (1954) furnishes 
similar data. Some Acer negundo flowers 
had only a single carpel instead of the 
usual two, yet lacked any vestiges of 
vascular supply of the missing’ carpel. 
In some cases the vestigial nature of 
vascular strands is a matter of interpreta- 
tion. Thus, Nast (1935) did not find in 
Juglans regia the vestigial ovule bundles 
that Van Tieghem (1861) had reported 
in this species, evidently because she 
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interpreted differently the strands that 
he had so considered. 

Authoritarianism in science is not 
merely a historical fact: its danger still 
exists. Erroneous views of botanists of 
high standing have been known to delay 
the acceptance of the more valid views 
of less distinguished workers. One is 
reminded of Schleiden’s obstruction of 
the work of Amici and Hofmeister on 
fertilization in flowers, in favor of his own 
belief that the end of the pollen tube grew 
into an embryo (see Maheshwari, 1950). 
Living botanists have been known to 
support their views on the grounds of 
their life-long familiarity with the plants 
under consideration — as though that 
were an acceptable substitute for specific 
evidence ! I know of at least one paper 
whose author reprimands someone for 
presuming to disagree with views of pro- 
minent morphologists. It is not easy to 
assess critically the work of a famed 
author; one is inevitably influenced by 
his status. As Sherrington (1949) points 
out, the highly speculative botanical ideas 
of Goethe, for example, would not, coming 
from a lesser man, have been taken so 
seriously. His success, botanically, was 
no doubt a reflection of the intellectual 
climate of his times: great men were then 
taken more seriously than now, when we 
realize more clearly what a vast collective 
enterprise science really is. It is interest- 
ing, in this connection, to compare the 
quite opposed views of Arber ( 1946, 1950 ) 
and of Sherrington ( 1949 ) as to the value 
of Goethe’s scientific contributions. Even 
today, botanists need to remind them- 
selves that the real authority for a scienti- 
fic concept is the evidence it rests upon, 
not its author’s reputation, however, well- 
earned. 

As regards publications in floral ana- 
tomy, they are, on the whole, as well 
written as papers in other fields of science. 
One questionable practice of floral anato- 
mists, however, is the use of movement 
terms in describing static structures. In 
such language, vascular traces “ depart 
from the stele’’; they “ pass out into ” 
appendages; bundles “‘ unite with ” other 
bundles. The union of two or more 
bundles is referred to as ‘a process of 
fusion ’’, where no such process is involved 
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at all, but the author is simply trying to 
describe the fact that a single bundle, at 
one level in the flower, consists of two 
or more fused bundles, that are separate 
at other levels. Frequently, time words 
are used where no time sequence is really 
being implied, as when an author writes 
“ immediately afterwards ’’ when he really 
means “at a slightly higher level in the 
flower’’. That ‘ the peduncle swells up ” 
really means that it is thicker at one level 
than at another; that locules ‘ open up ” 
or “ begin to appear ’’ means that in the 
cross-sectional level in the flower that is 
being described, the lower part of the 
locule is seen. As is evident from the 
above examples, such expressions can 
easily be translated into more direct, and 
consequently clearer, terms. The use of 
such metaphorical language should be 
avoided, since it interposes an unnecessary 
barrier between the reader and the facts 
the writer is trying to communicate. 

Many publications could be improved 
by the avoidance of unnecessarily complex 
illustrations. All the figures do not have 
to be realistic representations of actual 
flower sections. The reader ought not 
to be expected to repeat all the investi- 
gator’s effort in studying his slides. 
Simplified diagrams, some of them 
three-dimensional, reconstructing what 
is actually seen on several sections, make 
the reading less difficult and, what is more 
important to the writer, make the reader 
more likely to read the paper through to 
itsend. These diagrams can be supported 
by a few more realistic drawings or, better 
still, photographs, of strategic sections. 
A fine example of such use of India ink 
diagrams in conjunction with photographs 
is furnished by Tepfer (1953). 

Concrete records of the material used 
in anatomical studies should be preserved, 
in the form of herbarium sheets and of 
flowers or other parts in liquid preserva- 
tives. Where possible, as with long-lived 
plants such as trees, the identity and 
location of the individual specimens should 
be recorded. This makes possible the 
re-examination of the exact material used 
in a research, by other workers as well 
as by the author, should the occasion 
arise. Taxonomists have for a long 
time been urging these practices, which 
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are still not applied as extensively as they 
ought to be. 

Serious objection to some of the pre- 
cepts set forth in this paper could be 
raised on the grounds of the extra time 
and effort they involve. Admittedly, it 
takes longer to study carefully a statisti- 
cally meaningful sample of a species than 
a single specimen. And it is easier to 
speculate than to laboriously search out 
new facts; easier to write in equivocal, 
metaphorical terms than in clear, direct 
ones. But certainly in the long run the 
more difficult way is the better; better to 
produce a small body of sound facts and 
concepts, than large volumes of what later 
workers will be forced to discard. 


Summary 


The quality of much work in floral 
anatomy is lowered by the proneness of 
workers to apply uncritically the establish- 
ed methods, without taking time to re- 
examine these methods and the assump- 
tions underlying them. Consequently, 
publications in this field often merit severe 
criticism. They are frequently unscien- 
tific to the extent that 

(1) The speculations they embody go to 
lengths unjustified by their factual basis; 

(2) The material examined is statisti- 
cally inadequate; 

(3) The basic assumptions on which 
conclusions are founded are unsound or, 
at best, open to question; such is the 
assumption that vascular tissue is conser- 
vative and that it doesn’t vary to a signi- 
ficant degree; and 

(4) Authority is too often invoked in 
validation of concepts, instead of the more 
reliable test of compatibility with the 
known facts. 

The writing of papers in this field could 
be improved by the use of direct language 
instead of the metaphorical terms com- 
monly used, that imply movement where 
movement is not involved. The reader’s 
task is also made needlessly difficult by 
the use of many realistic drawings where 
a few diagrammatic, three-dimensional 
reconstructions would convey the facts 
more readily. The more frequent use of 
photographs to supplement such diagrams 
is recommended. 
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VASCULAR ANATOMY OF THE FLOWER OF 
MYRISTICA MALABARICA LAMK 


N. C. NAIR & P. N. BAHL 
Department of Botany, Birla College, Pilani, India 


Our knowledge about the floral anatomy 
of the tropical family Myristicaceae is 
meagre. Myristica fragrans has been the 
subject of several investigations ( Saun- 
ders, 1937; Joshi, 1943, 1946; Sastry, 
1954) but there is no work on any other 
species of the family. The present paper 
deals with the floral anatomy of Myristica 
malabarica. 

The material was collected at Erna- 
kulam (South India) and fixed in 
formalin-acetic-alcohol. Serial transverse 
sections of flower buds and young fruits 
were cut and stained in erythrosin and 
crystal violet. 


Observations 


The flowers of Myristica malabarica are 
dioecious. The male flowers are borne 
on slender, axillary and supra-axillary 
panicles (Fig. 1). Baillon ( 1872 ) stated 
that the flowers in the Myristicaceae are 


bracteate but this fact is not mentioned 
in other taxonomic works (see Hooker, 
1885; Warming & Potter, 1932; Gundersen, 
1950; Lawrence, 1951; Rendle, 1952). 
saunders’ (1932), +} oshim (1943 71946) 
and Sastry (1954) also did not observe 
the bract in M. fragrans. The pedicellate 
flower of M. malabarica is bracteate and 
has two bracteoles fused together into an 
orbicular scale-like structure. The 3-lob- 
ed perianth is tubular and the stamens 
are united to form a central column. Its 
lower part is differentiated into a short 
stalk while the upper bears the monothe- 
cous and extrose anthers (Figs. 3, 39). 
Hooker ( 1885 ) states that the androecium 
in M. malabarica consists of 10-15 an- 
thers, but our material showed as many 
as 30. 

The female inflorescence is a 3-flowered 
cyme ( Fig. 2). Each flower is bracteate 
but occasionally the terminal ones are 
ebracteate. The female flowers, like the 
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1-10-- Fig. 1. Male inflorescence. 
x 2-5. Fig. 2. Three-flowered young female in- 
florescence. x 2:5. Figs. 3, 4. Male and female 
flowers with perianth removed. x 2:5. Fig. 5. 
T.s. axis of male inflorescence showing vascular 
supply to the flower. x 6-5. Figs. 6-9. Succes- 
sive transections of the axis of female inflores- 
cence showing supply to the flowers. x 6:5. 
Fig. 10. T.s. female inflorescence axis; note that 
there are only two bract supplies. x 6°5. 


Fics. 


male ones, are bracteolate and have a 
tubular-trilobed perianth. The gynoe- 
cium is superior, bicarpellary and uni- 
locular with an anatropous ovule attached 
to asub-basal placenta on oneside. There 
are two longitudinal grooves extending 
from the base to the tip of the ovary ( Fig. 
4), one of which is more prominent than 
the other (Figs. 29-32). Two distinct 
radial plates of regularly arranged cells 
border each groove ( Figs. 41, 42). The 
seed is surrounded by an irregularly lobed 
laciniate aril. 

ANATOMY OF REPRODUCTIVE SHOOT — 
The vascular tissue in the peduncle of the 
male and female inflorescences consists 
of an undissected siphonostele. From the 
central stele of the male inflorescence, a 
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trace diverges out to the caducous bract. 
This is followed by the supply to the 
pedicel of the flower ( Fig. 5). After the 
vascular supply to the uppermost flower 
has departed there remains some resi- 
dual vascular tissue which fades away at 
the tip. 

In the female reproductive shoot, just 
above the base, the undissected siphono- 
stele becomes somewhat trilobed ( Fig. 6) 
and gives out a trace to each bract ( Fig. 
7). In some cases the supply to the 
terminal bract was not observed ( Fig. 10 ). 
As the traces to the bracts diverge out- 
wards, the trilobed stele breaks up into 
three arcs of vascular tissue, one to each 
flower ( Figs. 7, 8,10). Two or three bun- 
dles are left in between the lateral arcs. 
These move inwards between the arms of 
the central stele and finally fuse with 
it. The steles close and form the sup- 
ply of three pedicels (Fig. 9). Wors- 
dell’s (1908) report of the occurrence of 


_Fics. 11-22 — Figs. 
tions of male flower from pedical upwards. 
Figs. 21, 22. T.s. of male flower showing varia- 


11-20. Serial transec- 


tion in vascular supply to the bracteoles. 
Figs x7°5. 
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internal phloem in the peduncle of M. 
Jragrans is not supported by our observa- 
tions. 

ANATOMY OF MALE FLOWER — The 
pedicel shows a ring of 12-16 collateral 
bundles ( Fig. 11). Below the receptacle 
the stele gives off four traces, three on one 
side and one on the other, and they supply 
the bracteoles ( Fig. 13). In a few cases 
only three traces, two on one side and one 
on the other, diverge from the stele ( Fig. 
21). The traces in the bracteoles divide 
to form eight to nine bundles ( Fig. 22). 
Baillon ( 1872) stated that the flowers in 
the Myristicaceae are provided with a 
second bract (= bracteole) alternating 
with the two anterior perianth leaves. 
The vascular anatomy does not support 
such a view. As in M. fragrans ( Joshi, 
1946), there are two laterally situated 
bracteoles which remain fused by one of 
their margins. In the receptacle the stele 
expands considerably and gives off ten 
traces to the gamophyllous perianth ( Fig. 
14). The traces in the perianth tube 
divide to form 19-21 bundles ( Figs. 15- 
17). The tubular perianth divides into 
three tepals in the upper region. Two of 
them receive seven to nine bundles, while 
the third receives five to six bundles ( Figs. 
18-20). Joshi (1943, 1946) and Sastry 
(1954) regard the trimerous perianth in 
the Myristicaceae to be derived from a 
pentamerous structure. M. malabarica 
is essentially similar. 

The vascular tissue left behind in the 
centre of the receptacle after the departure 
of the tepal traces forms a ring of about 
12-13 bundles (Fig. 15). Some of these 
divide further and form in all 15-19 bundles 
that pass into the anther bearing column 
and vanish completely towards the tip 
eRies. 16-19, 39). 

ANATOMY OF THE FEMALE FLOWER — 
In the pedicel the vascular tissue breaks 
into a ring of 18-20 collateral bundles 
( Fig. 23). The supplies to the bracteoles 
and perianth are as in the male flower. 
After the departure of perianth traces, 
the stele enlarges considerably. Some of 
the bundles divide to form a ring of 20-24 
bundles ( Fig. 27). One of them moves 
inwards and ultimately forms the supply 
to-the single ovule ( Figs. 27-29), while 
the others continue into the ovary wall. 
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None of them could, however, be distin- 
guished as dorsals. At the upper level 
of the ovary, these bundles branch, diverge 
and ramify in the ovary wall. Bundles 
on either side of the grooves arrange 
themselves in groups of twos and threes 
and show some degree of anastomosis 
( Fig. 28). The ovule is borne towards 
the side of the prominent groove. Just 
below the level of the ovary, a few vascular 
bundles make their appearance in the 
parenchymatous pith (Fig. 28). At a 
slightly higher level these bundles increase 
in size and number and become arranged 
in a ring internal to the outer ring of 
vascular bundles. The medullary ring 
was quite distinct and separate from the 
outer ring in all the flowers examined by 
us. In the placental region these bundles 
give out long traces towards the funiculus 
but none of them enters the ovule ( Fig. 
29 as). These traces are prominently 
seen in older flowers. The inner ring 
continues in the ovary wall and produces 
a few branches on the inner side ( Figs. 
30, 31, 40). Higher up they seem to fuse 
with some bundles of the outer ring ( Fig. 
32). Ata still higher level many of these 
bundles fade and only one continues into 
each stigmatic lobe ( Figs. 33, 40). 

THE Fruit — After fertilization the 
ovary wall and the ovule undergo con- 
siderable morphological changes. The 
former transforms into a fleshy pericarp. 
From the base of the funiculus a whorl of 
outgrowths develops around the large 
seed. They give rise to the lacumose 
arillus and its lobes are twisted and folded 
into a cone at the top. The long traces 
( Fig. 29, as) given out by the inner ring 
of bundles form the supply of the aril 
( Figs. 36-38). These strands give some 
branches towards the funiculus which 
arrange themselves in a ring around the 
ovular trace (Fig. 36, v) and at a higher 
level they fuse with it. The funicular 
strand gives off traces to the outer integu- 
ment ( Fig. 38 ) while the residual vascular 
tissue divides into a number of branches 
which become arranged in the form of a 
ring near the inner margin of the inner 
integument where it separates from the 
nucellus ( Fig. 38). Similar observations 
have also been made in M. fragrans by 
Sastry (1955). 
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Fics. 23-30 — (v, ventral bundle; as, inner ting of vascular bundles ). 
of female flower from pedicel upwards. 
respectively in Fig. 40. All Figs. x 12. 


Serial transections 
Pigs. 26-30. Represent sections at levels marked a-e 


Fics. 31-38 — (ay, aril; fu, funicular vascular strand; oi, outer integument; 77, inner integu- 
ment; nu, nucellus). Figs. 31-35. Sections at levels marked f-j respectively in Fig. 40. Fig. 36. Ts. 
young fruit showing vascular supply to aril and funiculus. Fig. 37. T.s. funicular region of 
young seed showing vascular supply to aril. Fig. 38. T.s. young secd. All Figs. x 12. 
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Fics. 39-42 — Fig. 


39, 40. 
female flowers respectively. x 12-5. 
Histology at region of grooves. X 162°5. 


male and 
Figs. 41, 42. 


Discussion 


THE REPRODUCTIVE SHOOT — The na- 
ture of the inflorescence in the Myristica- 
ceae appears to be somewhat controversial. 
Baillon (1872) stated that the inflores- 
cence is a false raceme, while Hooker 
( 1885 ) considered it to be a true raceme. 
The male inflorescence in M. malabarica 
is essentially racemose since the vascular 
supply to the flowers is in acropetal succes- 
sion and the residual vascular elements in 
the tip, which normally would have been 
used up by the succeeding flower, vanish. 
The female inflorescence consists of three 
flowers, the central one being the oldest. 
Arber ( 1950 ) mentions: ‘ The domination 
by laterals ...is the characteristic feature 
of all cymose types.’ Rickett (1944) 
has summarized the definitions of a di- 
chasium as “... a cluster formed by an 
apparent dichotomy beneath a terminal 
flower ...in its simplest form consisting 
of three flowers’”’. It was found that in 
M. malabarica the vascular supply to all 
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the three flowers arises simultaneously. 
The central flower receives not only its 
normal supply but also retains the residual 
stele left behind in the inflorescence axis. 
The inflorescence has no residual apex and 
this has made the central flower terminal. 
On the basis of what has been said above 
we are inclined to think that the inflores- 
cence is truly cymose, 

THE GYNOECIUM — The vascular supply 
to the gynoecium is remarkable in that it 
consists of two rings of vascular bundles 
one inside the other. The inner ring 
arises de novo. Saunders (1937) makes 
no reference to it in M. fragrans. Sastry 
(1954) observed it but does not mention 
if it has any connection with the outer 
ring. Its exact nature will remain prob- 
lematical until other species of this genus 
have been investigated. 

The outer ring consists of a larger 
number of vascular bundles, As has 
already been pointed out earlier, there 
differentiate from this ring four groups of 
bundles, two on either side of each of the 
grooves. Judging from their position 
these groups may be regarded as the 
marginal strands of the carpels. Two of 
these strands, one on either side of the 
prominent radial plate of cells, are more 
conspicuous and the ovule is borne towards 
one of them. This arrangement suggests 
that of the four carpellary marginal 
bundles only one is fertile while the rest 
are sterile. 

Saunders (1937) pointed out that in 
M. fragrans two vascular bundles arise 
from the fertile marginals of adjacent 
carpels and one of these supplies the ovule. 
However, Sastry ( 1954) is of the opinion 
that the ovular supply is derived from the 
inner ring. In M. malabarica the ovular 
supply arises deeper down from the outer 
ring. Puri (1952) has shown that as a 
rule the ventral bundles alone furnish the 
ovular supply. Eventually, the single 
bundle arising from the outer ring and 
supplying the ovule may be regarded as a 
ventral bundle becoming the ovular trace 
in the upper region. This feature may be 
considered as a case of reduction and it 
may be recalled that more or less com- 
parable instances are known in the uni- 
ovulate Ranunculaceae (Chute, 1930; 
Eames, 1931). 
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In the Myristicaceae the gynoecium has 
been described as monocarpellary ( see 
Hooker, 1885; Warming & Potter, 1932; 
Wettstein, 1925 ; Hutchinson, 1926: Engler 
& Prantl, 1928; Gundersen, 1950: Willis, 
1951; Lawrence, 1951) or bicarpellary 
( Rumphia*; Saunders, 1937). The pre- 
sence of two well-marked opposite longi- 
tudinal furrows, two radial plates of regu- 
larly arranged cells extending from the 
epidermis to the centre, the four marginal 
strands, and two distinct stigmas suggest 
that the gynoecium in M. malabarica is 
bicarpellary. The occurrence of a large 
number of bundles probably indicates its 
derivation fromamulticarpellary condition 
as has been mentioned by Sastry (1954). 

The placentation in Myristica is various- 
ly described as sub-basal ( Baillon, 1872 ), 
basal ( Hooker, 1885; Warming & Potter, 
1932 ), marginal ( Saunders, 1937 ), almost 
basal (Gundersen, 1950), parietal and 
sometimes seemingly basal ( Lawrence, 
1951). Puri (1952) has re-defined the 
various types of placentation in angio- 
sperms. According to him the term basal 
should be restricted to those cases where 
the ovule arises or appears to arise from the 
base of the ovary and is derived from 
axile or free central types. The attach- 
ment of the ovule in M. malabarica is more 
or less lateral and, therefore, it cannot be 
considered as basal. Nor can it be des- 
cribed as marginal because the ovary is 
bicarpellary. We think that it should be 
designated as sub-basal. 
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Summary 


The floral anatomy of Myristica mala- 
barica reveals that anatomically the male 
inflorescence is a raceme while the female 
one is a cyme. 

The flowers are bracteate and bracteo- 
late. Thegamophyllous trimerous perianth 
is supplied by ten traces. It has been con- 
cluded that tlıe trimerous perianth is de- 
rived from a pentamerous condition. 

The gynoecium is supposed to be bi- 
carpellary and is supplied by two rings of 
vascular bundles. The inner one arises 
de novo and in the basal region it has no 
connection with the outer ring. The 
presence of a large number of vascular 
bundles in the gynoecium indicates that 
the bicarpellary condition is derived from 
a multicarpellary structure. 

The gynoecium shows four marginal 
strands and the ovule is attached to one 
of these, the other three being sterile. The 
placentation is interpreted as sub-basal. 

A single bundle departs from the outer 
vascular ring towards the centre and ulti- 
mately forms the supply to the ovule. 
Integumentary vascular bundles are also 
present. 

The authors wish to acknowledge their 
indebtedness to Dr V. Puri, Meerut 
College, Meerut, for his criticism and 
advice, and for kindly going through the 
manuscript. Thanks are also due to Dr 
B. N. Mulay, Birla College, Pilani, for 
encouragement, facilities and suggestions. 
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THE EMBRYOLOGY OF EHRETIA LAEVIS ROXB. 


B. M. JOHRI & I K. VASIL 
Department of Botany, University of Delhi, Delhi, India 


Embryological studies on the Bora- 
ginaceae are far from adequate. The 
most detailed work is that of Svensson 
( 1925 ), especially on the endosperm dev- 
elopment of 22 genera. Millsaps ( 1940) 
has studied Cynoglossum amabile; and 
detailed accounts have been given of the 
embryogeny of Myosotis hispida, Sym- 
phytum officinale and Heliotropium peru- 
vianum by Souéges ( 1923, 1941, 1943); 
and Anchusa officinalis by Crété (1950). 
Venkateswarlu & Atchutaramamurti 
( 1955 a, b ) have recently worked out the 
life-history of Heliotropium curassavicum 
and Coldenia procumbens. 


Material and Methods 


Ehretia laevis flowers at Delhi in Feb- 
ruary and March, but some trees flower 
at other times of the year, especially 
June and July. 

The material was collected in 1952 and 
1955 from the Delhi University Campus 
and the Old Delhi Ridge, and fixed 
in formalin-acetic-alcohol. Sections were 
cut at 6-12 microns and stained with 


safranin and fast green. Acetocarmine 
smears of pollen mother cells were also 
examined. Dissections proved very useful 
for the study of some stages of endosperm. 
For this purpose, the ovaries were treat- 
ed with one per cent KOH for 12 hours 
at 40°C, washed in water and stained in 
cotton-blue. 


The Flower 


The inflorescence is an axillary or ter- 
minal corymbose cyme, and the flowers 
are sub-sessile, pubescent and penta- 
merous ( Figs. 1-3). Almost all parts of 
the flower contain druses. The sepais are 
fleshy and hairy at first but become 
woody during the maturation of the fruit. 
The unilocular ovary contains four anatro- 
pous and unitegmic ovules on swollen, 
parietal placentae ( Figs. 3, 4). There is 
a terminal, cylindrical, and bifid style 
with a capitate stigma; the gynobasic 
arrangement, so common in the Bora- 
ginaceae, is lacking. 

A few flowers had six or seven members 
each of calyx, corolla and androecium but 
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8 
Fics. 1-8 — Flower. Fig. 1. L.s. flower. 
x 21. Figs. 2,3. T.s. at levels A and B marked 


in Bis, 1) x 24. Fig. 4. T.s. fruit, the ovary 
is unilocular. x 6. Figs. 5-8. T.s. ovary and 
style of tri- and tetra-carpellary gynoecium. 
x 24. 


the gynoecium was quite normal. Occa- 
sionally, while the calyx, corolla and 
androecium were pentamerous, the gynoe- 
cium showed a tri- or tetra-carpellary 
condition with a 3- or 4-fid style and 
unilocular ovary containing six or eight 
ovules respectively ( Figs. 5-8 ). Abnormal 
hexamerous flowers have been observed 
in Cordia alliodora and Ehretia viscosa 
(Lawrence, 1937), and ovaries with six 
ovules, instead of the usual four, have 
been reported in Lindelofia longiflora, 
Cynoglossum officinale (Svensson, 1925 ) 
and C. amabile (Millsaps, 1940). Mill- 
saps (1940) interprets the 6-ovulate 
ovaries of Cynoglossum amabile as an 
indication of a 3-foliate origin. 
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Microsporogenesis and Male 
Gametophyte 


A transection of the anther normally 
shows four microsporangia, but in one 
instance the pollen sacs facing the style 
had fused. In Fig. 9 the parietal layer 
has already cut off the endothecium, and 
the middle layer and tapetum are dif- 
ferentiating. 

The outer tangential walls of the epi- 
dermal cells become cutinized ( Fig. 25 ) 
and the radially elongated cells of the 
endothecium develop fibrous thickenings 
after the formation of uninucleate pollen 
grains. The middle layer disorganizes 
during reduction divisions of the micro- 
spore mother cells ( Fig. 12). The tapetal 
cells elongate radially and their nuclei 
undergo mitotic divisions with or without 
the accompaniment of wall formation 
( Figs. 10-11). Each cell contains two to 
five nuclei but later, due to fusion, their 
number is again reduced. The tapetum 
is consumed during the maturation of 
pollen grains. Sometimes the tapetal 
cells swell enormously, show hypertro- 
phied nuclei and approach the centre of 
the locule but do not form a periplas- 
modium. 

Most of the Boraginaceae have multi- 
nucleate tapetal cells, the only exception 
being the tribe Cynoglosseae where a 
uninucleate condition prevails ( Svensson, 
1925; Millsaps, 1940). Svensson ob- 
served 3- to 4-nucleate cells in Echium 
plantagineum and Lycopsts arvensis, and in 
Anchusa sempervirens each cell contained 
up to ten nuclei. Venkateswarlu & 
Atchutaramamurti (1955 a, b) report 2- 
nucleate tapetal cells in Heliotropium 
curassavicum and Coldenia procumbens. 

While the microspore mother cells pre- 
pare for meiosis, a special mucilaginous 
wall is secreted between the protoplast 
and the original mother wall. Figs. 13-15 
represent different stages of Meiosis I and 
II. Spindles of Meiosis II may lie parallel 
or at right angles to each other. During 
cytokinesis small vacuoles appear between 
the daughter nuclei and are followed by 
centripetal furrows and wedges of the 
special mucilaginous wall (Fig. 16). 
Tetrahedral ( Fig. 17 ), decussate ( Fig. 18 ) 
or isobilateral (Fig. 11) tetrads are formed. 
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Polyspory is common and the ‘ tetrads ’ 
may contain five to seven spores ( Figs. 
19-21). In such cases, some of the spores 


are smaller, often lack a nucleus and stain 
darkly. 


Fics. 9-25, 
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The exine develops eight prominent 
ridges and a germ pore is located in each 
furrow (Fig. 22). The division of the 
microspore nucleus leads to the formation 
of a large vegetative and a small lenticular 
generative cell (Fig. 23). Pollen is shed 
at the 2-celled stage and is packed with 
starch grains. Venkateswarlu & Atchuta- 
ramamurti (1955 b) observed a similar 
condition in Coldenia procumbens, while in 
Cynoglossum amabile shedding occurs at 
the 3-celled stage ( Millsaps, 1940 ). 

There is a high degree of sterility in 
pollen (20-30 per cent), and the non- 
functional grains are shrunken and stain 
feebly. Besides the normal pollen grains 
(192 microns diameter) some anthers 
also showed larger ones (240 microns 
diameter ), but these were highly plasmo- 
lyzed and had a thinner wall without 
ridges and furrows. ı 

Dehiscence occurs at the junction of 
pollen sacs where the epidermal cells are 
much smaller and the endothecial cells 
lack fibrous thickenings ( Figs. 24, 25 ). 


Megasporogenesis and Female 
Gametophyte 


The progressive development of ovule 
is represented in Figs. 26-29. The ovule 
is crassinucellate but the nucellus is ab- 
sorbed at an early stage ( Fig. 28). 

A placental obturator has been reported 
in Coldenia procumbens ( Venkateswarlu & 
Atchutaramamurti, 1955 b) but no such 
structure was observed in Ehretia laevis. 

An endothelium arises from the inner 
epidermis of the integument ( Figs. 27-29 ) 
and has also been noticed in E. macrophylla 
(Svensson, 1925), Heliotropium curassa- 
vicum and Coldenia procumbens ( Venkates- 
warlu & Atchutaramamurti, 1955 a, b). 
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Fics. 9-25 — Microsporangium (d, region of 
dehiscence ). Figs. 9-12. Part of anther lobes 
showing progressive development of anther wall; 
the tapetum is 2-layered. x 478. Figs. 13-16. 
Microspore mother cells. undergoing Meiosis I 
and II. x 956. Figs. 17, 18. Tetrahedral and 
decussate tetrads. x 956. Figs. 19-21. Polys- 
pory. x 956. Figs. 22, 23. Uni- and bi-celled 
pollen grains. x 956. Fig. 24. T.s. mature 
anther. x 48. Fig. 25. Same, a portion enlarged 
to show the region of dehiscence. x 283. 
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Figs, 26-29 — Ovule ( it, integumentary tape- 


tum). L.s. ovules at megaspore mother cell, 
dyad, 4- and 8-nucleate embryo sac stages 
respectively. x 143. 


According to Millsaps ( 1940 ), it is absent 
in Cynoglossum amabile. 

Figs. 30-32 show the megaspore mother 
cell surmounted by two parietal cells 
which probably arose by anticlinal division 
of the primary parietal cell. They are 
usually ephemeral but may sometimes 
persist until the formation of the 2-nucleate 
embryo sac (Fig. 42). In one ovule 
they had enlarged considerably, and con- 
tained a large vacuole and a prominent 
nucleus ( Fig. 33). The underlying mega- 
spore mother cell had scanty cytoplasm 
and appeared to be unhealthy. 

The apical cells of the nucellar epi- 
dermis elongate conspicuously ( Figs. 33- 
42) but do not divide. They collapse 
along with the other nucellar cells at the 
4-nucleate stage of embryo sac ( Figs. 
284.29): 

The megaspore mother cell undergoes 
the heterotypic division and usually the 
lower dyad cell functions ( Figs. 36, 41, 
42). Sometimes the upper dyad cell may 
enlarge while the lower remains sup- 
pressed and degenerates ( Fig.37). Rarely, 
both the dyad cells enlarge ( Fig. 38 ). 

Linear tetrads were observed in a few 
cases ( Figs. 39, 40). Whereas 48 ovules 
showed dyads, only nine had tetrads. 
Of the 48 dyads, the upper cell had de- 
generated in 17 and the lower had de- 
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veloped as far as the 2-nucleate embryo 
sac indicating a bisporic development 
(see Figs. 41, 42). Three degenerated 
megaspores (above the embryo sac) 
were not seen in any preparation. It 
was first thought that the out of season 
flowers may have a different ( mono- 
sporic ) type of development while those 
produced in season would follow the 
bisporic type. However, examination of 
material collected from trees flowering both 
in and out of season showed dyads as well 
as tetrads. In fact, possibilities of a bis- 
poric and a monosporic development were 
sometimes seen in the ovules of the same 
ovary. 

Normally the development of the em- 
bryo sac may be concluded as of the Allium 
type. The functional dyad cell enlarges 
and becomes vacuolated ( Figs. 36, 37). 
Three successive divisions of its nucleus 
lead to the formation of 2-, 4- and 8- 
nucleate embryo sacs with the usual 
organization ( Figs. 41-47 ). 

Before fertilization the gametophyte is 
more or less completely surrounded by 
the endothelium but subsequently the 
micropylar end extends beyond it. The 
remnants of synergids persist up to the 6- 
celled stage of endosperm ( Figs. 51, 52). 
Persistent synergids are also reported in 
Lycopsis arvensis, Nonnea lutea ( Svensson, 
1925), and Coldenia procumbens ( Ven- 
kateswarlu & Atchutaramamurti, 1955 b). 

The polar nuclei fuse before fertilization 
as also reported in Ehretia macrophylla, 
Heliotropium, Tournefortia and Cordia 
(Svensson, 1925). In Cynoglossum am- 
abile (Millsaps, 1940) they fuse during 
or after fertilization. 

The antipodal cells degenerate soon 
after fertilization. Usually three small, 
ephemeral antipodal cells are present in 
other members also, the only exception 
being H. europeum which is said to have 
six antipodals (see Svensson, 1925; Sch- 
narf, 1931; Venkateswarlu & Atchuta- 
ramamurti, 1955 b). 


Fertilization 


One to three branching pollen tubes 
with callose plugs were noticed at the 
micropylar end in whole mounts of ovules 
(Fig. 50). Double fertilization occurs 
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Fics. 41-50 — Female gametophyte (cp, cal- 
lose plug; ov, ovule; pt, pollen tube; s, male 


gamete). Figs. 41-42. L.s. nucelli; the func- 
tional dyad cell and the 2-nucleate embryo sac 
are capped by the degenerated dyad cell 537. 
Figs. 43-47. Embryo sacs at different stages of 
development. x 319. Fig. 48. Egg, showing 
male and female nuclei. x 319. Fig. 49. Ferti- 
lized embryo sac, one of the male gametes is 
attached to the fusion nucleus. x 319. Fig. 50. 
Dissected whole mount of the upper part of 
ovule with three pollen tubes, one shows branch- 
ing; note the callose plugs. x 82. 
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( Figs. 48, 49 ), and has also been reported 
in Lappula echinata (Svensson, 1925) 
and Cynoglossum amabile (Millsaps, 1940). 
The tip of the discharged pollen tube 
persists during the earlier development of 
endosperm ( Figs. 51, 54). 


Endosperm 


The first division of the primary endo- 
sperm nucleus is followed by a transverse 
wall ( Fig. 51). Further transverse divi- 
sions in both the cells result in a linear row 
of 6 or 7 cells ( Figs. 52-54). At this 
stage the lower two-thirds of the embryo 


Fics. 51-57 — Endosperm (ch, chalazal haus- 
torium; em, embryo; end, endosperm; it, integu- 
mentary tapetum; mh, micropylar haustorium ; 
pt, pollen tube; sn, synergid; z, zygote). Figs. 
51, 52. Two- and 6-celled endosperm. x 196. 
Figs. 53, 56. Ls. ovules at different stages of 
endosperm development. x 49. Fig. 54. Four- 
celled chalazal haustorium. x 196. Fig. 55. 
Endosperm showing micropylar and chalazal 
haustorium (only 2 cells of each are shown We 
x 196. Fig. 57. Advanced stage of endosperm. 


x 196. 
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sac is surrounded by a richly cytoplasmic 
endothelium ( Figs. 53, 54). 

The lowermost endosperm cell under- 
goes two vertical divisions, at right angles 
to each other, and the resulting daughter 
cells elongate to form a 4-celled chalazal 
haustorium ( Figs. 53, 54). The upper- 
most cell divides likewise resulting in a 
4-celled micropylar haustorium ( Fig. 55 ). 
The remaining four to six tiers divide 
repeatedly giving rise to the endosperm 
proper ( Figs. 55-57). 

The micropylar haustorium and a few 
tiers of cells immediately below it are 
richly cytoplasmic (Figs. 55-57). The 
rest of the endosperm and the chalazal 
haustorium consist of vacuolated cells 
( Figs. 54, 55). The ultimate fate of 


either of the haustoria could not be traced. 

When the proembryo has reached the 
late globular stage, the endosperm pro- 
gressively absorbs the contents of the 
integumentary cells which finally collapse 
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Fics. 58-66 — Embryo. Figs. 58-64. Deve- 
lopment of embryo. x 340. Figs. 65, 66. Older 
embryos (whole mounts). x 34. 
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and only the thick-walled epidermis per- 
sists ( Figs. 67-71 ). 

In several embryo sacs the zygote 
appeared to be quite healthy, but the 
endosperm had failed to develop. In 
others, the proembryo had advanced to 
globular stage but there was no trace of 
endosperm. Occasionally, the zygote 
remained undivided but a well developed 
endosperm was present. 


Embryo 


The first division of the zygote is trans- 
verse (Fig. 58) and takes place when 
the cellular endosperm has already well 
advanced. Figs. 59-66 represent stages 
in development of the embryo. The 
derivatives of the terminal cell give rise 
to the embryo proper while the basal 
cell forms a suspensor of 3-10 cells which 
degenerates at the globular stage of the 
proembryo. 


Boy 
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_ Fics. 67-73 — Seed coat. (end, endosperm; 
int, integument ). Figs. 67, 69. Outline figures 
(1.s.) of ovules. x 13. Figs. 68, 70. Portion of 
integument and endosperm marked in Figs. 67 
and 69 respectively. x 265. Fig. 71. Same, 
advanced stage. x 265. Figs. 72, 73. Pitted 
and thick-walled ceils of testa. x 430. 
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According to Svensson (1925) the 
embryos of Borago and Lycopsis lack a 
suspensor, while in Onosma only a large 
swollen cell is present. In Coldenia pro- 
cumbens ( Venkateswarlu & Atchutarama- 
murti, 1955 b) there is a row of three to 
four cells, whereas in Echium the suspensor 
is fairly massive (see Svensson, 1925 ). 
It may often be represented by a row of 
one to three transitory cells as in Cyno- 
glossum amabile ( Millsaps, 1940). 


Fruit 


PERICARP — Up to the early globular 
stage of the proembryo the ovary wall 
consists of parenchymatous cells ( Fig. 74 ). 
Lignification progresses from the inner 
side gradually extending to about 15 
layers and producing a stony ridged 
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Fics. 74-82 -— Fruit (em, embryo; enc, en- 
docarp; end, endosperm; epc, epicarp; né, 
integument; mec, mesocarp; ps, persistent 
sepal). Fig. 74. Part of pericarp (t.s.) from 
young fruit. x 43. Figs. 75, 77, 79. L.s. young 
and old fruits. x 7. Figs. 76, 78, 80. Portions 
of pericarp from Figs. 75, 77 and 79 respectively. 
x 43. Figs. 81, 82. Whole mounts of sclereids 
from endocarp. x 255. 
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endocarp (Figs. 75-80). Next to it is 
the fleshy mesocarp consisting of large, 
parenchymatous, starchy cells. Its thick- 
ness varies in the apical and basal portions 
of the fruit. 

In the mature fruit the endocarp be- 
comes highly sclerified ( Figs. 77-82) and 
forms a protective shell around the seed. 
The mesocarp turns brown and pulpy, 
and the outer epidermis and hypodermis 
transform into a thin epicarp. 

In Cynoglossum amabile ( Millsaps, 1940) 
the pericarp differentiates into three 
layers. The cells of the inner epidermis 
are moderately thickened, the middle 
layer consists of large thin-walled cells, 
and those of the outer epidermis elongate 
unequally forming spiny projections on the 
surface of the fruit. 

SEED Coat — The endosperm consumes 
the entire integument except the epider- 
mis ( Figs. 67-71). The cells of the latter 
become highly sclerified and pitted ( Figs. 
72, 73). However, the outer tangential 
walls remain thin and finally break down. 
Such thickenings appear in the integu- 
mentary epidermis at the micropylar 
end at the octant stage of the proem- 
bryo (Fig. 56). Simultaneously, due to 
localized expansion of groups of cells, the 
outline of the seed becomes ridged ( Fig. 
56). In Cynoglossum amabile ( Millsaps, 
1940 ) also only the epidermis persists in 
the seed. 5 

In a ripe seed there is a single-layered 
testa, 3-4 layers of endosperm cells filled 
with fat globules, and the large fleshy 
curved embryo. 


Discussion 


The formation of parietal cells is rather 
rare in the ovules of the Sympetaleae and 
has so far been reported only in the 
Plumbaginaceae and Convolvulaceae ( see 
Peters, 1908; Dahlgren, 1927; Mathur, 
1934; Raghava Rao, 1940). One of us 
( Vasil, 1955) recently reported parietal 
cells in Ehretia laevis, and Venkateswarlu 
& Atchutaramamurti (1955 b) have ob- 
served them in Coldenia procumbens. 
Svensson’s ( 1925 ) figures of Heliotropium 
and Ehretia macrophylla indicate that the 
apical cells of the nucellar epidermis 
elongate radially and divide periclinally 
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(see also Venkateswarlu & Atchutarama- 
murti, 1955 b). 

In the Boraginaceae the Polygonum 
type of embryo sac prevails ( see Svensson, 


1925; Schnarf, 1931; Millsaps, 1940; 
Venkateswarlu & Atchutaramamurti, 
1955a,b). Bisporic development is known 


only in Lycopsis arvensis and Anchusa 
officinalis (Svensson, 1925), and Ehretia 
laevis ( Vasil, 1955; see also Maheshwari, 
1955) may now be added as the third 
member. In E.laevis usually the lower 
dyad cell produces the embryo sac, but 
occasionally the upper or sometimes both 
the dyad cells may enlarge simultaneously 
and show vacuolation. Svensson ( 1925 ) 
often observed the arrested nuclear division 
of the upper dyad cell in Lycopsis arvensis. 

A linear tetrad of megaspores was 
noticed in Æ. laevis in about 16 per cent 
ovules and while the possibility of occa- 
sional monosporic development cannot 
be denied, none of our preparations show- 
ed the later stages of development. It 
is concluded that at least as a rule the 
development is bisporic. 

Millsaps (1940) points out that in 
Cynoglossum amabile both the dyad cells 
may sometimes remain undivided, or they 
may divide by a vertical or an oblique 
wall. She states that normally the 
chalazal megaspore functions, but occa- 
sionally the undivided dyad cell may 
develop. This would mean that at 
times the development may be bisporic. 
Millsaps is not very clear on this point. 

Some previous workers (see Schnarf, 
1931 ) have reported Nuclear endosperm 
which later becomes cellular. Svensson 
( 1925 ) has extensively studied endosperm 
development in the Boraginaceae and 
recognizes five types: 

(i) Borago tybe—The primary endosperm 
nucleus undergoes many free nuclear divi- 
sions, e.g. Borago officinalis ( Svensson, 
1925 ) and Cynoglossum amabile ( Millsaps, 
1940 ). 

(ii) Lycopsis type — At first four free 
nuclei are formed, a wall is then laid down 
restricting two nuclei to a lateral position, 
and the other two nuclei divide repeatedly 
in the large central cell. The two nuclei 
in the lateral cell may also divide once 
before they degenerate, e.g. Lycopsis 
arvensis (Svensson, 1925). 
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(iii) Echium type — The first division of 
the primary endosperm nucleus is followed 
by an oblique wall forming a small lateral 
cell and a large central cell. The smaller 
cell divides by a vertical wall and the 
nuclei of both the cells divide several times 
resulting in a multinucleate condition. 
The nucleus of the larger cell also under- 
goes free nuclear divisions, e.g. Echium 
plantagineum. 

(iv) Lappula type — The first division is 
followed by a vertical wall but since the 
chalazal portion of the embryo sac is 
occupied by a large vacuole, the wall ends 
blindly. The next wall, which is vertical 
and at right angles to the first one, also 
ends blindly resulting in the formation of 
four cells, all open at the base. Even- 
tually, the upper part of the embryo sac 
shows cellular endosperm while the lower 
shows free nuclei, e.g. Lappula echinata 
(Svensson, 1925 ). 

(v) Myosotis type — The first and subse- 
quent divisions are all followed by wall 
formation, e.g. Myosotis hispida ( Svensson, 
1925 ), Coldenia procumbens ( Venkates- 
warlu & Atchutaramamurti, 1955 b). 

Ehretia laevis, the object of the present 
study, belongs to the Myosotis type. 


Summary 


Ehretia laevis has a cymose inflorescence 
which bears numerous sessile to sub- 
sessile, pentamerous white flowers with a 
bicarpellary, syncarpous gynoecium and 
unilocular ovary containing four erect, 
anatropous ovules on parietal placentae. 
Abnormal 6- and 7-merous flowers and 
those with 6- and 8-ovulate ovaries also 
occur. 

The anther wall comprises the persistent 
epidermis, fibrous endothecium, single 
middle layer, and the multinucleate, 2- 
layered, glandular tapetum. Reduction 
divisions are simultaneous and tetrahedral, 
decussate or isobilateral tetrads are formed. 
Polyspory is common. The pollen is shed 
at the 2-celled stage. 

The ovules are unitegmic and crassi- 
nucellate but the nucellus is absorbed 
early. A parietal cell is cut off and the 
megaspore mother cell generally gives 
rise to dyads but in a few cases linear 
tetrads may also be formed. Usually the 
lower dyad cell produces the embryo sac 
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which conforms to the Allium type. The 
antipodals degenerate soon after fertiliza- 
tion. Double fertilization has been ob- 
served. 

The endosperm is Cellular and a 4-celled 
micropylar and 4-celled chalazal haustoria 
are organized. 

The zygote divides when the endosperm 
is well advanced. A 4- to 10-celled sus- 
pensor develops from the basal cell while 
the terminal cell and its derivatives give 
rise to the rest of the embryo. 
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The fruit is a fleshy, 4-lobed drupe. 
The pericarp is differentiated into a thin 
epicarp, a fleshy and starchy mesocarp, 
and a stony endocarp. The seed has a 
single-layered sclerified testa composed of 
the outer epidermis and encloses 3-4 
layers of fatty endosperm and a dicoty- 
ledonous, curved embryo. 

We are grateful to Professor P. Mahesh- 
wari for his keen interest, advice and 
comments, and for allowing free access to 
his personal library. 
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A PROPOS DE L’EMBRYOLOGIE DE L’ARGEMONE 
MEXICANA L. 


P. CRETE 


Faculté de Pharmacie, Université de Paris, France 


Il n’est pas possible de laisser passer, 
sans les soumettre à un sérieux contrôle, 
quelques unes des observations que Sachar 
(1955) présente dans son tout récent 
travail sur l’embryologie de l’Argemone 
mexicana L. 

Il s’agit tout d’abord et particulièrement 
de l'étude qu'il fait des premiers stades 
du développement de l'embryon et dont 
il rend compte, p. 209, dans les termes 
suivants: ‘ Le zygote s'agrandit considéra- 
blement et subit une division transversale 
donnant naissance à une cellule terminale 
ca et une cellule basale cb. Il peut aussi, 
mais rarement, se diviser obliquement, 
lorsque l'orientation du fuseau subit un 
changement. Après le stade proembryon- 
naire à deux cellules, la succession des 
divisions est tout à fait variable: 

(I) Les éléments ca et cb se divisent 
tous deux transversalement et produisent 
un proembryon filamenteux unisérié. 

(II) La cellule ca se cloisonne verticale- 
ment et la cellule cb transversalement. 

(III) La cellule ca se divise à l’aide d’une 
paroi transversale, dirigée obliquement, et 
cb prend une paroi verticale oblique. 

(IV) Les cellules ca et cb se divisent 
toutes deux verticalement. Les divisions 
ultérieures sont irrégulières au point qu'il 
est impossible de définir la moindre série, 
mais le déroulement général du développe- 
ment est indiqué par les Figs. 90-102.” 

J'estime, pour ma part, que l’auteur, 
tirant les conséquences de ce qu'il suppo- 
sait être les premières divisions de l’em- 
bryon, aurait dû s’efforcer d’y rattacher 
plusieurs séries du développement em- 
bryonnaire, mais il est certain que les 
figures qu'il donne des stades qui font suite 
à la tétrade proembryonnaire ne nous ap- 
portent pas d'indications précises. Ellesne 
comportent pas de légende, aucune lettre, 


leurs directions selon l’axe de croissance et 
par rapport à la membrane du sac ne 
sont pas dans tous les cas déterminées. 
Plus loin, p. 216, dans ses discussions, 
l’auteur examine et critique les précéden- 
tes observations embryogéniques de Souè- 
ges (1949); ses critiques s'adressent 
surtout et tout d'abord aux premières 
segmentations, ensuite et accessoirement, 
à la génération d’embryons jumeaux. 
R. Souèges a bien voulu me communiquer 
ses préparations, et également ses dessins 
au crayon dont beaucoup n'ont pas été 
reproduits dans sa note à l’Académie des 
Sciences. Après avoir examiné et con- 
trôlé ces documents en toute indépendance 
de cause, voici ce qu'il m’a été permis de 
bien établir. A.— Pour ce qui regarde 
les premières segmentations, tous les 
stades de leur succession ont pu être aisé- 
ment observés. L’oospore, de forme a- 
platie et adhérant par une large surface à 
la paroi du sac embryonnaire (Fig. 1 ), se 
segmente à l’aide d’une paroi plus ou 
moins oblique ( Figs. 2 et 3 ), séparant une 
cellule apicale et une cellule basale. La 
cellule apicale prend une paroi perpendi- 
culaire à celle qui lui est commune avec 
cb ( Figs. 4a 7). Avec un léger retard, 
la cellule basale se divise également et la 
cloison se place à peu près dans le prolon- 
gement de celle qui sépare, l’une de 
l’autre, les cellules-filles de ca ( Figs. 10 et 
11). Dans certains cas, l’oospore, parti- 
culièrement aplatie, donne naissance à 
une cellule basale si allongée qu’elle prend 
une cloison verticale, complètement indé- 
pendante de la paroi isolée au premier 
stade de l’embryogenese ( Figs. 8 et 9). 
La cellule cc, fille supérieure de ca, est à 
l'origine des cellules ce et cf superposées 
(Figs. 12 à 20 et 22). Par segmen- 
tation transversale de cf ( Fig. 21), puis 
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de ce ( Fig. 24), il se forme en définitive que ce et cf se cloisonnent verticalement 
une tétrade troisième de la catégorie C, et la tétrade troisième appartient alors à 
(Fig. 26). Il arrive parfois, cependant, la catégorie A,. A partir de ce stade du 
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Fics. 1-47 — Argemone mexicana L. Les premiers stades de l'embryogenèse. Les figs. 14 et 
15, comme les figs. 16 et 17 correspondent à deux coupes successives d’un même proembryon. 
ca et cb, les deux premiers blastomères; cd, cellule-fille de ca, donnant avec cb le suspenseur propre- 
ment dit: cc, cellule-fille supérieure de ca ou cellule proembryonnaire proprement dite; ce @ie ch, 
cellules-filles de cc; cg, et ch, cellules-filles de ce; h et h’, cellules-filles de cf; th, tige hypocotylée; 


y, rudiment de la racine. 
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développement proembryonnaire, l’origine 
des différentes parties de l'embryon peut 
être précisée dans la plupart des cas où 
l’embryogenése se déroule à partir d’une 
tétrade troisième linéaire en C,. La 
cellule supérieure cg de cette tétrade 
assure l'édification de la partie cotylée 
sensu lato; la cellule ch, provenant, comme 
cg, de la division de la cellule ce, donne nais- 
sance, à la suite de cloisonnements diverse- 
ment orientés selon les cas, à deux étages 
superposés dont l’un (th) est à l’origine 
de la tige hypocotylée et l’autre (7), à 
l'origine du rudiment de la racine ( Fig. 
35). Les étages inférieurs / et h’, prove- 
nant de cf, donnent naissance à la portion 
centrale de la coiffe. Iln’a pas été possible 
de suivre de façon détaillée les stades du 
développement à partir des tétrades en 
A, qui peuvent se produire aux dépens 
de cc. Ilest possible que, dans la Fig. 29, 
les quatre étages proviennent de la 
division transversale des éléments d’une 
telle forme proembryonnaire. Certains 
cas sont d'une interprétation également 
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difficile, comme ceux que représentent les 
Figs. 27, 33, 39, 44, 45 et 47). ° 

Je me suis attaché, avant tout, a déter- 
miner de façon très précise les premières 
segmentations qui aboutissent à la forma- 
tion d’une tétrade seconde. Contraire- 
ment aux affirmations de Sachar, j'ai pu 
établir, en accord avec Souèges, que 
c'était seulement à partir de la cellule 
embryonnaire proprement dite cc, petite- 
fille du zygote, que des irrégularités se pro- 
duisaient dans les cloisonnements et celà dès 
la formation méme de la tétrade troisiéme. 

D'ailleurs, en 1952, nous écrivions, 
Souéges et moi-méme, a la page 16, que la 
marche de la segmentation dans la cellule 
embryonnaire de l’Argemone mexicana, 
était assez variable, irréguliére, et présen- 
tait, sous ce rapport, des analogies avec 
ce qui s’observe chez la Chélidoine. Ce 
qu'il est important de souligner, en réponse 
aux affirmations de Sachar, c’est d’abord 
que la première cloison, dans l’oospore, 
n’est jamais transversale, comme le pré- 
tend cet auteur, ni méme transversale 


Fics. 48 a 58 — Argemone mexicana L. Quelques aspects de synergides et de formes pro- 


embryonnaires anormales. Les details des Figs. 51 et 52 sont fournis par deux coupes succes- 
sives d'un même ovule, schématisé en 53; En 49, 55 et 56, schémas des ovules d’où sont tirés les 
détails des Figs. 48, 54 et 57. w, oosphére; sy, synergide; mi, micropyle; an, antipode; tp, tube 
pollinique; e, embryon. Les autres abréviations sont identiques à celles qui sont utilisées pour 
les Figs. 1-47. 

Fics. 59 à 64 — Hypecoum procumbens L. Les premières segmentations de l'embryon. al, 
albumen ; ca et ch, cellule apicale et cellule basale du proembryon bicellulaire; cc et cd, cellules-filles 
de ca; ce et cf, cellules-filles de cc; cg et ch, cellules-filles de ce. 
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oblique; elle est toujours verticale, mais 
plus ou moins inclinée. 

D’autre part, on assiste, dans tous les 
cas, a la différenciation d’une tétrade 
troisième. La Fig. 86 de Sachar illustre 
notre thése, car la paroi formée en premier 
lieu est assurément verticale et, dans la 
cellule apicale, le cloisonnement a déja 
isolé les cellules cc et cd superposées. 
Dans la Fig. 92, on observe un proembryon 
du méme type ot la cellule cc a donné 
naissance aux deux éléments cc et cf; il 
est certain que l’auteur n’a pas dû tenir 
compte de l'épaisseur du proembryon, sans 
quoi il aurait constaté, selon toute évidence 
que les cellules issues de cd se prolongeaient 
derrière les éléments appartenant à cb. 
Comment, par ailleurs, Sachar peut-il 
admettre que tous ses embryons âgés, à 
partir de la Fig. 94, aient des points 
d'attache très larges avec l’ovule, au 
niveau de leur suspenseur, quand, d’après 
lui, ils proviennent souvent d’oospores 
ou de proembryons fixés à la paroi du sac 
embryonnaire par une surface très réduite 
de leur membrane externe ( Figs. 82, 83 
et 88)? Ces aspects s'expliquent au 
contraire quand on connaît la forme réelle 
de l’oospore et sa division par une pre- 
mière cloison verticale ou légèrement 
oblique. 

B. — En ce qui concerne le cas de poly- 
embryonie auquel il est fait allusion, les 
dessins de Souéges sont très exacts et 
conformes à la réalité. Ils démontrent 
nettement que les proliférations embryon- 
naires latérales sont bien dépendantes de 
la masse inférieure commune ( Figs. 30, 
31 et 41). Les embryons rudimentaires 
ne sont nullement séparés dans toute leur 
hauteur, comme le sont les formes ou au 
moins l’une des formes (Fig. 107) dessi- 
nées par Sachar. 

Je n’émets aucun doute sur le cas ob- 
servé par Sachar et figuré en 107; je tiens 
pour exactes même ses autres observa- 
tions, bien que je me demande s’il eût été 
aussi affirmatif s’il avait pu, comme nous, 
se rendre compte du développment pris 
très souvent par les descendantes de la 
cellule basale du proembryon bicellulaire. 
Je conclurai seulement que les deux cas 
de polyembryonie, aux dépens du zygote 
seul ou aux dépens d’une synergide peuvent 
se rencontrer dans une même espèce. Je 


regrette cependant que Sachar n’ait pas 
eu l’occasion de vérifier si le second 
embryon présentait la constitution hap- 
loide (et non diploide ); en l’absence de 
toute constation à ce sujet, sa conclusion 
perd beaucoup de sa valeur. 

J'ai vérifié, avec beaucoup d'attention, 
quel était le sort habituel des synergides 
auxquelles Sachar attribue un rôle si 
important. Dans tous les ovules, j’ai pu 
constater qu’elles tendaient a disparaitre 
vers l’époque de la fécondation, qu’elles 
étaient nettement séparées de l’oosphère 
dans la plupart des cas ( Figs. 48 à 55). 
Plus tard, après la fécondation, des 
oospores particulièrement volumineuses 
prennent, en se cloisonnant, un aspect qui 
rappelle celui d’une oosphère ou d’un 
proembryon surmontant deux synergides 
( Figs. 56 à 58). De telles formes sont 
probablement destinées à avorter, mais le 
cas n’est pas sans intérét: il rappelle ce qui 
se passe chez les Hypecoum, où les cellules 
cb et cd ont éte jadis longuement con- 
fondues avec des synergides: a la base de 
l’embryon, dans cette espèce, deux vési- 
cules représentent, comme l’a établi 
Guignard (1903) et confirmé Souèges 
(1943), le suspenseur proprement dit 
( Figs. 59 à 64). Trompés par la position 
de ces cellules et pour ne pas s'être 
attachés à déterminer avec précision les 
premières segmentations de l'embryon, 
Hegelmaier ( 1878 ), puis Huss ( 1906 ) les 
ont identifiées à tort à deux synergides. 
Sachar adopte le remarque incidente de 
Huss et ne semble pas avoir eu connaissance 
des conclusions rigoureuses de Souèges 
dont il cite cependant le travail au cours de 
son exposé. 

Pour me résumer, c’est avec regret que 
je me vois obligé de contredire un cher- 
cheur, qui, ayant cru relever certaines 
inexactitudes dans les conclusions adop- 
tées par ses prédécesseurs, a eu le courage 
d'exprimer nettement son opinion. Le 
souci de la vérité m’oblige cependant à 
confirmer, après avoir étudié le matériel 
même qui avait servi à ses travaux, 
l'exactitude rigoureuse des observations 
de Souéges sur l’Argemone mexicana (?). 


1. La plante qui a fait l’objet de nos observa- 
tions croît dans le Jardin botanique de la Faculté 
de Pharmacie de Paris, où elle a pu être récoltée 
à tous les stades du développement de ses fruits. 
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THE EMBRYOGENY OF ARGEMONE MEXICANA L. 
— À CRITICISM 


R. C. SACHAR 
Department of Botany, University of Delhi, Delhi, India 


In the above paper entitled “‘ A propos 
de l’embryologie de l’Argemone mexi- 
cana L.”, Crété ( 1956) has attempted to 
contradict my observations ( Sachar, 1955) 
with a view to defend and support the 
earlier account of Souéges (1949). His 
main objections may be summarized as 
follows: 

(i) The first division of the oospore is 
never transverse, not even transverse- 
oblique; but it is always vertical, although 
somewhat inclined. (ii) The older embryos 
have a broad point of attachment with the 
embryo sac, a condition which cannot 
be derived from some of the narrow 
proembryos as shown by Sachar in his 
Figs. 82, 83 and 88. This goes to prove 
that the oospore is broad at the base and 
the first division is necessarily vertical or 
slightly oblique. (iii) In all the ovules the 
synergids always degenerate at the time 
of fertilization and the additional pro- 
embryo arises from the suspensor cells as 
was already stated by Souéges ( 1949). 
(iv) Sachar is mistaken in “ conclusively ” 


stating on insufficient evidence that the 
second embryo is haploid. 

The above objections may now be 
examined one by one: 

Concerning the first division of the 
zygote, there is hardly any doubt that 
it is variable. It can be transverse, 
oblique-transverse (Sachar, 1955), ver- 
tical or oblique-vertical ( Souéges, 1949; 
Crété, 1956) ( Figs. 1-3, 8,9). Further, 
if the first division is transverse, (a) both 
apical and basal cells may divide either by . 
transverse or by vertical walls; or (b) the 
apical cell divides by a vertical wall and 
the basal cell by an oblique-transverse 
wall (Figs. 2, 4-6). Where the first 
division is oblique-transverse, the apical 
cell may undergo an oblique-transverse 
and the basal cell an oblique-vertical 
division ( Figs. 3, 7). Crété categorically 
denies the existence of a transverse or an 
oblique-transverse wall and emphasizes 
that the oospore always divides by a 
vertical or somewhat oblique-vertical wall. 
Although I have not come across a single 


es 
8 29 10 


Figs. 1-7. Early stages in the develop- 
Figs. 8-10. Sequence of first few divisions in the 


Fiss. 1-10 — (a-a, first division of the oospore ). 


ment of embryo ( After Sachar, 1955) x 500. 


) 
oospore ( After Souéges, 1949). x 430. 


case of vertical wall in the zygote in any of 
my preparations, yet in my opinion the 
two modes of division are by no means 
mutually exclusive. As Crété tells us, he 
had examined only the old preparations of 
Souéges and just as the latter missed both 
transverse and oblique-transverse walls, 
it is not impossible that Crété has over- 
looked them also. 
Surprisingly, Crété interprets my Figs. 
86 and 92 as showing a clear vertical wall. 
This is undoubtedly a misinterpretation 
and I confirm my previous opinion that in 
both cases the first division is by a trans- 
verse or by an oblique-transverse wall. 


SACHAR 
1955 


SOUEGES 
1949 


Next, Crété argues that the formation 
of a broad suspensor in older embryos 
cannot be explained on the basis of the 
basal part being narrow as shown in my 
Figs. 82, 83 and 88. This, according to 
him, further supports his contention that 
the oospore divides by a vertical or a 
slightly oblique-vertical wall. However, 
my observations indicate that a broad 
suspensor results from the anticlinal 
divisions in the derivatives of the basal cell 
and this feature need not bear any relation 
to the initial breadth of the oospore. 

Incidentally, it may be mentioned that 
Souèges often disregards all variations that 
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do not fit his schematic plan. Borthwick 
(1931), Bhadhuri (1936) and Nast 
( 1941 ) have also made similar comments. 
Crété, following Souéges’ footsteps, ignores 
all variations discussed by me ( Figs. 4-7 ) 
and only duplicates the earlier account of 
Souéges ( Figs. 8-10). 

Regarding polyembryony, Crété states 
that he has carefully verified the usual 
behaviour of the synergids and in all the 
ovules they are clearly separated from the 
oospore and degenerate at the time of 
fertilization. He adds that sometimes 
the proembryo gives a false impression of 
being surmounted by the two synergids 
but such proembryos are probably des- 
tined to degenerate. On page 205 of my 
paper, I have explicitly stated. “ The 
synergids are usually hooked and show a 
filiform apparatus. They are ephemeral 
and degenerate soon after fertilization, or 
sometimes even earlier. However, in a 
number of ovules, one of the synergids 
was seen to persist ( Figs. 68, 74). It 
follows from above that the normal be- 
haviour of the synergids was not missed 
by me. On the other hand, it seems 
Crété has failed to observe the occasionally 
persistent synergid during post-fertiliza- 
tion stages. He also speculates that I 
may have mistaken some of the pro- 
embryonal cells as the two healthy syner- 
gids. Firstly, I have never observed two 
healthy synergids during post-fertilization 
development (Figs. 11, 12). Secondly, 
Crété’s claim that the synergid is always 
sharply separated from the zygote is not 
borne out even by his own figures. For 
instance, in Figs. 48, 50, 51, the synergids 
definitely overlap the egg cell. 

It is, therefore, clear that Crété has not 
produced any evidence to disprove the 
presence of a synergid embryo. Earlier, 
I gave some critical stages in the formation 
of twin proembryos and traced their 
origin from the oospore and one of the 
kealthy synergids ( Figs. 11-13). Since 
Souéges (1949) does not figure any 
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FrGs. 11-14 — (ds, degenerating synergid; pt, 
pollen tube; s, synergid or synergid proembryo; 
z, zygote or zygotic proembryo ). Figs. 11-13. 
Formation of twin proembryos from the cospore 
and a persistent synergid ( After Sachar, 1955). 
x 333. Fig. 14. Twin proembryos (After 
Souèges, 1949). x 286. 


younger stages, I prefer my own inter- 
pretation of the source of the additional 
embryo to his interpretation of the clea- 
vage polyembryony (Fig. 14). During 
later stages of development it is not 
always easy to decide the origin of the 
additional proembryo. 

I agree that a chromosome count would 
be helpful but no division figures were 
available to me. On page 210, I stated, 
‘ There was no indication that the syner- 
gid is ever fertilized. Only one pollen 
tube was seen in embryo sacs with twin 
embryos and in all probability the syner- 
gid proembryo is haploid. But it was not 
possible to confirm this by chromosome 
counts as suitable mitotic figures were not 
available.” Finally, I may ask whether 
the additional embryo observed by Souéges 
was shown to be diploid before he con- 
cluded that it was the result of a cleavage 
of the zygotic embryo ? 

Crété has only re-stated, without new 
evidence, what had been described earlier 
by Souéges. 

I wish to thank Professor P. Maheshwari 
and Dr B. M. Johri for comments and 
advice. 
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BRANCH ABSCISSION AND DISINTEGRATION OF THE 
DEVE CONS OF AGATHIS AUSTRALIS.SALISB: 


RASMA LICITIS-LINDBERGS* 


Hawera, New Zealand 


Introduction 


Little attention has been paid to two 
features — branch abscission and dis- 
integration of the female cones, in Agathis 
australis (New Zealand kauri), the only 
species of the 20 New Zealand indigenous 
conifers with true cones and broad, 
leathery leaves. The characteristic habit 
of an adult tree of Agathis australis with a 
tall clean trunk and branches radiating 
from the top is a consequence of self- 
clearing of branches at the juvenile stage. 
As a result, the trunk is free from knots. 
Partly because of this feature, kauri has 
been considered one of the best soft 
timbers in the world. Brown, Panshin 
& Forsaith (1949) state that certain im- 
perfections such as knots are unavoid- 
able because of the nature of tree growth; 
but high grade kauri timber does not 
reveal such blemishes. 

No detailed studies of the mechanism 
of branch abscission have been made, but 
short notes on self-clearing of branches 
in the species have been recorded by 
Eames (1913), Eames & MacDaniels, 
(1925), Hutchins (1919), Barnard ( 1926 ) 
and Entrican ( 1935 ), while Pijl (1952) has 
treated the allied Agathis alba. Branch 
abscission is, however, significant, not only 


in clearing the main trunk, but in casting 
entire female cones ( including peduncles ), 
the useless peduncles with cone axis some- 
times left after cone disintegration on the 
tree, male cones, and associated foliar 
branches. 

As far as is known to the writer, no 
earlier workers have detailed the process 
of disintegration of the mature female 
cones although Entrican (1935) and 
McKinnon (1937) have noted the fuga- 
cious nature of these cones, and that whole 
cones often litter the ground. 

The mechanism of branch abscission and 
cone disintegration has been separately 
dealt with in the following pages. 


Material and Methods 


The present study is based on fresh 
material obtained from natural groves 
of the species at Waipoua State Forest, 
North Auckland; Waitakarei Ranges ( Ti- 
tirangi and Titirangi Beach, 10 miles S.W. 
from Auckland ), Coromandel Peninsula; 
and from cultivated specimens at the 
Auckland Domain, at Waikanae, Hawera, 
at Otari Open Air Plant Museum, Welling- 
ton and at the Botanic Gardens, Welling- 
ton and Christchurch. 


* Lately of Botany Division, Department of Scientific and Industrial Research. 
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Observations on the abscission of main 
laterals were made on saplings at Auck- 
land and from trees about 20 years of age 
at Otari Open Air Plant Museum, Welling- 
ton. The efficiency of abscission on 
smaller twigs and stalked cones was ob- 
served on older trees at Auckland and 
Waikanae. Peduncles and cone axes 
were investigated from Waipoua, Coro- 
mandel Peninsula, Hawera and other 
places mentioned above. 

Eosin, methyl green, safranin and 
Delafield’s haematoxylin were used for 
staining sections of vascular tissue. 
Scelerenchyma stained well with gentian 
violet and cone axis cap tissue was treated 
with safranin. 


Branch Abscission 


The initial observation that led to these 
more detailed studies was that abscission 
without damage to bark was not confined 
to fully ripened and decadent main late- 
ral branches. Fairly vigorous young 
branches with fresh leaves in some cases 
came off easily if struck near the base or 
by a climber’s boot, though if bent care- 
fully from the distal end, they were fully 
elastic and resumed normal positions 
without injury. 

Macroscopic examination of the bran- 
ches revealed a structure very differ- 
ent from a normal one at a junction of 
the branch and stem. The basal portion 
of the branch was much swollen even 
whilst still vigorous and attached to the 
tree ( Fig. 9). The shed branch showed in 
swollen portions a much dilated cortex 
and pith and much reduced xylem ( Figs. 
11, 12, 16, 17). These elements were, 
therefore, more closely examined both 
morphologically and anatomically, 
branches of all sizes up to 8 cm diameter 
being collected for the purpose. Des- 
criptions of each element in turn are as 
follows: 

THE CORTEX — The branch cortex con- 
tains a large number of scattered scleren- 
chymatous cells, including many simple 
sclereids, i.e. cells with walls of several 
layers and an elongated or wide lumen. 
Sclereids with long arms, which occur in 
leaves, are, however, lacking in branch 
cortex. Leaf bundles passing through 
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the cortex show, as is usual, a sheath 
of sclerenchymatous fibres supporting 
phloem. To strengthen the cortex, 
sclerenchyma forms a solid ring ( or some- 
times two rings ), which occurs close under 
the periderm. The rings may be absent, 
depending on the age of the branch or on 
the load supported. 

In the swollen basal region, the cortex 
is considerably thicker than elsewhere and 
very porous, owing to the diffuse and 
irregular arrangement of the parenchyma 
cells. Some of the cells resemble meriste- 
matic cells, being regular, placed in 
definite rows, and having nuclei and cell 
contents. They form small islets, break- 
ing up the usual pattern of the paren- 
chyma (Fig. 3). In older branches, 
such islets do not occur. The meriste- 
matic activity is apparently short-lived 
and the cells appear to give rise only to 
parenchyma cells. Resin ducts are 
arranged in a fairly definite circle in the 


Fics. 1-2 — Fig. 1. 
branch (t.s.) near geniculation, showing partly 
segregated xylem, parenchyma wedge (arrow ), 
vascular bundles and resin ducts (small circles ) 


Schematic drawing of 


in cortex. x 2. Fig. 2. Xylar strand of branch 
base with characteristic modifications and main 
vascular bundle below it. Nat. 
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inner part of the cortex (Fig. 1), in the 
same way as anywhere else in the branch 
cortex. 

Vascular bundles: The vascular bundles 
are scattered irregularly through the 
cortex (Fig. 1). In transverse section 
one large bundle always occurs near the 
notch of the central xylem cylinder on the 
lower side of the branch ( Figs. 1,2). By 
removing the cortex, it can be seen 
that this large bundle runs out of the 
groove off the main xylem strand and 
ramifies towards the distal end of the 
branch (Fig. 2). Each bundle includes 
protoxylem consisting of tracheids with 
spiral thickenings, and metaxylem of tra- 
cheids with simple or bordered pits. In 
transverse section the radially arranged 
tracheids are interrupted by parenchyma 
rays which continue in the phloem ( Fig. 
4). To the intrastelar xylem belongs the 
transfusion tissue attached to the flanks 
of the secondary xylem. The transfusion 
tracheids are relatively wide and short 
reticulate cells, which do not constitute a 
prominent feature and are sometimes 
absent. Important changes are notice- 
able in the region of some of the vascular 
bundles owing to the arrangement of the 
surrounding cells. Any kind of fibre is 
lacking here. Instead of sclerenchyma- 
sheath formation, cell division takes 
place round the vascular bundles. There 
is also apparently formation of meristem 
with parallel cell walls, rich contents and 
spherical nuclei. These cells are larger 
than those of the original meristem and 
the cells of the growing points. They fit 
closely in rows without any intercellular 
spaces (Fig. 4). In some bundles near 
the base of the branch, all the vascular 
elements were filled with dark material 
( Fig. 4), seemingly arresting all conduc- 
tion, while in other bundles, only the 
phloem and transfusion tissue were 
plugged. 

THE XYLEM — When a swollen branch 
base is split longitudinally and parallel to 
the main axis of the stem, it is evident to 
the naked eye that the proximal wood 
does not rupture forcibly as in other trees. 
In sectioning, the xylem proves softer 
basally than elsewhere in the branch, and 
where the branch is attached to the trunk 
a decrease in thickness of the vascular 
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strand is evident, especially of the xylem 
( Figs. 12, 13). The liberation of wood 
from the cortex reveals unusual morpho- 
logical features in the basal region, viz. 
(a) a thickened, geniculate, downwardly- 
directed xylar strand; (b) a marked taper- 
ing of the downwardly-directed portion 
forming, at the separation stage, four 
smooth horns (those of the lower side 
always the longer) ( Fig 11); (c) a pith 
distinctly dilated at the geniculation 
( Figs. 15, 16, 17), but tapering abruptly 
at the joint, the connection with the main 
stem being retained; and (d) grooves. 
varying in length from 1-5 cm long ( Figs, 
2, 13, 14) formed at the geniculation on 
both upper and lower sides, and laterally 
to the xylem strand. Smaller grooves 
may also be formed elsewhere as well as 
in this region. 

The main leaf trace leaves the main 
xylar strand on the lower side of the 
groove, above the geniculation, causing a 
backward bending of the tracheids in the 
main xylar strand. The transverse sec- 
tion of the xylar strand, near the point 
where the grooves form | the depth of the 
groove depending on the branch maturity 
for abscission ( Fig. 10 ) ] shows a group of 
special cells developed between the notch 
(formed by a groove) and the central 
pith. These cells, possessing develop- 
mental potentialities, bend the rows of 
tracheids on both sides, and build a wedge 
of ellipsoidal form in the wood tissue ( Fig. 
1). By increased growth the wedge 
divides the xylar ring gradually into two 
parts, usually on the lower side of the 
branch initially (occasionally the initial 
grooves do appear on both sides or on the 
upper part only). In subsequent stages 
the grooving wedge connects itself with 
the pith, the xylar strand finally dividing 
into four sections. In this fusion of the 
two parenchymas, the pith cells are al- 
ways distinguishable from the newly- 
formed parenchyma of the wedges by 
absence of cell contents. It will be noted 
that all of these processes tend to reduce 
and weaken the firm xylar strand. A 
tangential section from the tapered and 
geniculate portion shows (Fig. 5), that 
the profusely pitted tracheids (the pits 
being the same type as elsewhere ) have a 
changed course; and that an increased 


154 PHYTOMORPHOLOGY 


development of medullary parenchyma is three or four layers deep, rays pe a ee 
occurring. By cell division, the rays are layers deep are found. In rac Are En 
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Fics. 3-7 — Fig. 3. Meristem ‘nest’ in cortical parenchyma at proximal end of a branch. 

80. Fig. 4. T.s. of vascular bundle of the swollen cortex; showing transfusion tissue, blocked 
phloem, and the unusual type of surrounding cells. x 65. Fig. 5. Tangential section of rup- 
tured xylem, showing dislocation of tracheids and increased growth of ray parenchyma. x 65. 
Fig. 6. T.s. compression wood near proximal end of branch about 7 years old. x 320. Fig. 7. 
L.s. cone axis cap showing structure after fusion of cell walls and elimination of cell contents. x 65. 


Fics. 8-11 — Fig. 8. Branch of Agathis australis with 3 generations of female cones and 2 
male cones of current season ( upper left ); note leaf and branch scars on branches and scars of seed 
attachment on some scales. + nat. Fig. 9. Lateral view of swollen branch base taken from 
sapling about 20 years old. Nat. Fig. 10. T.s. swollen branch base about 5 cm from trunk, 
showing notch in wood on lower side where longitudinal groove has been cut through. x 3. 
Fig. 11. Proximal end of naturally shed branch showing four “‘horns’’; note dark remains of 


periderm-cap on lower ‘‘ horns’’, taken off the scar. x it. 
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characteristic taper at the ends. Some- 
times, owing to activity of parenchyma, 
scattered bundles of tracheids of the same 
length are inserted among the newly- 
formed cell groups, these being often seen 
in an early stage as bands with parallel 
cell walls. Many such newly-formed 
groups of cells are produced, giving the 
impression that the tracheids would be 
dispersed in groups in the parenchyma. 

Compression Wood — When abscission 
is approaching or has been completed, 
the lower part of the main xylar strand is 
markedly thicker than the upper and 
shows more annual rings ( Fig. 17 ). 

Compression wood, present in many 
species of conifers, was detected during 
this investigation, developing even in 
young branches 3-4 years old. A trans- 
verse section of the wood taken from near 
the geniculation brings out this difference 
prominently, showing more rounded con- 
tours of the tracheids and more noticeable 
intercellular spaces ( Fig.6). The change 
from early to late wood is gradual. 

THE MECHANISM OF BRANCH ABSCIS- 
SION — The correlation between tapering 
and softening of xylem is demonstrated in 
Fig. 14. After removal of the cortex, and 
exposure of the barked branch to room 
temperatures for one or two days, the side 
branches bend down and break easily 
owing to the shrinkage and the fragility 
of the parenchyma. The transformation 
of colouring from white to brown affirms 
the effect and the presence of soft tissue. 

The breaking point of the xylem occurs 
slightly proximal to the place where 
branch cortex mests that of the trunk 
( Fig. 13), but the actual attachment of 
the xylem to the trunk is well below the 
attachment of the cortex to the trunk 
( Figs. 12, 13). The tapered end of the 
xylar strand, which runs off the trunk or 
main branch below the surface of the 
cortex ( Fig. 13) can remain for a con- 
siderable period after branch abscission. 
It is then shed later with bark flakes, 
which when found subsequently on the 
ground, may show the remains of the 
xylem in the middle like the root of a 
tooth. 

Formation of periderm before the separa- 
tion — Some branches were removed at a 
stage shortly before natural separation; 


PHYTOMORPHOLOGY 


at a very slight touch they came off 
easily. They showed a fully developed 
periderm, greyish in colour, covering the 
scar on the trunk as at maturity; so that 
an apparently old grey scar is no indication 
of the length of time since a branch has 
been shed. 

The sequence and the characteristics of 
abscission are as follows. The upper part 
of the cortex separates first, along the 
straight line, subsequently following lower 
to the ‘‘ V ”-shaped part. The periderm 
of the trunk-scar shows the three charac- 
teristic layers — phellem, cork-forming 
cambium or phellogen, and phelloderm 
( 10-15 layers of cork are formed). The 
proximal end of a naturally shed branch 
appears smooth and greyish, but micro- 
scopical examination shows considerable 
differences between it and the scar it 
leaves on the trunk or main branch. By 
contrast with the scar, periderm is lacking 
on the surface of the abscissed branch. 
After abscission, the swollen cortex shrinks 
so much that the branch-base will not fit 
the scar, an indication that periderm fails 
to develop, otherwise shrinkage would 
not be so marked. The cells are some- 
times a little more organized at the base 
of the branch, otherwise they are of the 
same type as the parenchyma cells in the 
cortex. Not infrequently, thelower xylem- 
portion of the branch, being the last con- 
nection with the trunk, takes with it (by 
breaking ) the reddish periderm cap ( Fig. 
11) which covers the xylem tip of the 
abscissed branch. A similar occurrence 
was noted in respect of a branch nearing 
maturity, but not quite abscissed natural- 
ly. In the latter instance, the trunk scar 
was fresher in colour with a few layers of 
cork, in effect, less matured for abscission 
than those with the older grey periderm. 
The broken xylem of the branch was 
fringed by periderm taken from the trunk 
scar. When the very reduced xylem 
breaks, a small hole, which hides beneath 
the rest of xylem of the branch, is usually 
left in the middle of the scar, and heals 
later. 

By accident, in one case a branch half 
broken near the place of separation of 
the cortex, remained on the tree. Al- 
though this branch was not mature for 
abscission, the formation of periderm 
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Fics. 12-17 — Fig. 12. Branch with foliar branchlet cut longitudinally; the actual attach- 
ment of the vascular tissue can be seen below the attachment of cortex. % nat. Fig. 13. Lett: 


foliar branchlet showing characteristics of branch attachment, right: foliar branchlet showing 
2 grooves and point of breakage (arrow). # nat. Fig. 14. Whorl of foliar branches. Cortex 
hrinkage of soft branch bases. 


removal has caused downward bending of 3 branches owing to s 
On right, branchlet cut longitudinally shows dilation of pith. &nat. Fig.15. L.s. freshly removed 


branch cut parallel to axis of main bole. The upper part of the vascular strand is remarkably 
reduced. & nat. Fig. 16. L.s. branch, cut perpendicular to the axis of the main bole, note dilated 
pith and cortex. % nat. Fig. 17. Les. naturally shed branch cut parallel to the axis of the main 
bole, note compression wood with broad annual rings on lower side of section. } nat. 
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commenced at the usual site which was 
near the wound, but not on the wound sur- 
face. The wound was covered by an ex- 
tensive exudation of resin. 

Finally, it is to be noted that open grown 
and exposed trees may keep the laterals 
for years, giving them a _ cone-shaped 
appearance due to a very retarted abscis- 
sion. No explanation can yet be prof- 
fered for this. 


Disintegration of the Female Cone 


The ripe female cone of Agathis austra- 
lis disintegrates on the tree (Fig. 8). 
The disintegration pattern is very different 
from that occurring in, as for instance, the 
genera Abies and Cedrus. The cone is 
composed of two elements — the basic 
unit consisting of a peduncle and a cone 
axis, and the reproductive scales attached 
to the cone axis. Before disintegration, 
all the scales, the reproductive and the 
basal, appear as constituents of the scale 
complex. However, after disintegration, 
the basal scales remain attached to the 
inseparable unit of peduncle and cone 
axis. These scales are described under 
cone scales. The nearly globular cones, 
at maturity 5 cm in diameter, with pe- 
duncle of variable length ( 1-10 cm) may 
occur singly, or up to 6 may be borne on a 
single shoot. 

PEDUNCLE AND CONE AXIS — The 
Ring — Externally, the peduncle shows a 
pronounced annular swelling immediately 
below the cone; and in the early stages of 
growth, it would seem to any observer 
that abscission would ultimately occur at 
this raised ring. This, however, is never 
the case. The ringed peduncle is con- 
tinuous with the cone axis ( Fig. 23) and 
is usually crooked on one side, thus bring- 
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Fics. 18, 19 — (a, final tips of the vascular 
system; b, fine network; c, cap of cone axis; 
d, coarse network; e, dilated pith; f, scleren- 
chyma supporting pith; f,, sclerenchyma sup- 
porting cortex; g, bottom scales; h, ring; 
1, xylem ;7, leaf; k, dilated pith; J, swollen cortex; 
m, tapered xylem). Fig. 18. Schematic drawing 
of peduncle and cone axis as an indivisible unit. 
Nat. Fig. 19. L.s. cortex showing ‘ring ”’ for- 
mation below the cone and two belts in the 
folds thickened by cork. x 80. 
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ing the cone into an erect position clear of 
the nearest coning branchlet on the same 
whorl. This clearance becomes necessary 
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as the cones develop and demand more 
lateral space. The ring as is shown below is 
formed by two infoldings of cortical tissue. 

The structure of this ring was investi- 
gated by examination of a longitudinal 
section of the peduncle. The cortex is 
composed of large parenchymatous cells 
supported by stone cells, with a ring of 
hypodermal sclereids formed near the 
inner surface of the bark. In the two folds 
of this ring (Fig. 19) two anatomical 
features were apparent — (a) the cork is 
much thicker owing to activity of the 
phellogen, which causes a sudden increase 
from one to some 20 layers of cork cells, 
(b) a double belt of cells are developed 
resembling rays (in transverse section ) 
going towards the centre of the branch. 
These belts do not reach the vascular 
column. The cells of these two belts are 
elongated, similar than other parenchyma- 
tous cells, with swollen walls and oriented 
in a definite direction. The spongy 
dead parenchyma in these belts is replaced 
by transformed parenchyma. 

Cone Axis Cap — The external peduncle 
and the internal cone axis form a con- 
tinuous, inseparable unit, extending from 
the nearest abscission through the ring 
just described to the apex of the cone. 

A longitudinal section of a one-year old 
cone with peduncle shows a cap at the top 
of the cone axis, formed of tissue different 
in colouring and consistency from the rest 
Of ther axiss( Bigs: 225,35). Only ‘this 
upper part, covered by the cap, bears 
fertile scales. These scales constitute 
three-quarters of the cone, while the lower 
scales, different in shape, never bear seeds 
and remain permanently attached at the 
base of the axis. After disintegration 
of the cone and while the axis is still on 
the tree, the axis cap is pale greyish-green 
and soft ( Fig. 21 ) for a short period only. 
The cap gives the cone axis its character- 
istic outline, forming as lightly thickened 
apex. ; 

This cap is formed of distinctive tissue, 
with a structure very different from that 
of the pith below. It is more retentive of 
moisture than the central part of the axis, 
contracts excessively on drying, re-expands 
in water and increases its volume to 
double by swelling. It stains differently 
from the tissue of the central axis. 
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The differentiation of pith and cone tip 
occurs at an early stage. In young cones, 
3-4 mm long, very small embryonic cells 
are detected. Examination of cones 
about one year old showed the process of 
disintegration in process. In the early 
stages, swelling of cell walls in the cap is 
noticeable. Later there are no boundaries 
between the cells, and the tissue loses all 
appearance of a cellular structure. The 
cell walls become fused and the cell con- 
tents are eliminated. The tissue turns 
into mucilaginous, semi-translucent sub- 
stance, which, however, up to maturity of 
the cone has a recognizable microscopical 
structure. Numerous non-septate arms 
or processes radiating from some centres 
resemble tangled fibres ( Fig. 7). The 
cone axis cap is interwoven with resin ducts 
elongated cavities without epithelial cells, 
running longitudinally. In contrast with 
those of the cortex of the branch, they are 
placed near the outer surface. Removal 
of the thin outer part of the gelatinous tis- 
sue uncovers these fine tubes, similar to 
latex tubes. These ramify in a capillary 
system and are filled with an opal-white 
resin. Both substances, the mucilaginous 
arms and the resin, give an unusual con- 
sistency to the cone axis cap. The final 
product of this dissolution of the cell walls 
is a mass of elongated grains, so that the 
fine spiral elements of the vascular system 
lie free in the decomposed material. By 
dissection, these fine spiral elements can 
be seen as loosely coiled silvery threads. 
Sometimes the cap of the cone axis, with 
the fine network enclosed, breaks from 
the peduncle-cone axis unit soon after the 
reproductive scales fall. 

The Stele — The basic element of the 
peduncle and cone axis unit is the stele, 
of which the xylem occupies the main 
part. This stele is a single formation. 
Dissection shows that above the point 
where the lowest reproductive scales are 
attached, the vascular strand of the cone 
axis becomes wider, owing to dilation of 
the pith, and at the same spot the firm 
siphonostele transforms into the dictyo- 
stele (Figs. 20, 23). The dictyostele 
shows two structures — a coarse basal 
portion and a fine, fragile upper portion, 
the two being clearly and abruptly dif- 
ferentiated. ( Figs. 20, 22, 24). The 
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change in structure of the dictyostelic 
fibres takes place at the point where the 
surrounding tissues also change; and 
marks the beginning of the cone axis cap- 
tissue, and the zone of cap shrinkage at 
disintegration. 

The anastomosing flattened strands of 
the vascular network, consisting of mixed 
elements at the bottom, change into a 
spiral construction at the top where the 
fertile scales are attached. At the base 
of each mesh, a fine short bundle con- 
taining about 10 very fine spiral elements 
(10-15 u in diameter) turns perpendi- 
cularly from the surface of the network 
basket and is the only physical connection 
between the cone axis and the reproductive 
scale — a significant structure in the 
phenomenon of cone disintegration. These 
fine tips of the upper part of the cone axis 
are visible after scale shedding and are 
shown in Figs. 20, 22 and 26. 

The spiral elements increase in number 
as a building element in the strands of the 
stele where the transition from the coarse 
to the fine network occurs. The dilated 
medulla, in the shape of a spindle, is 
formed of parenchyma, and is usually 
brown in colour. A thin coat of paren- 
chyma, with characteristic associated 
stone cells, surrounds the coarse network 
portion of the stele. Stone cells are an 
invariable component of mature cones, 
where the stele is filled and surrounded 
by numerous sclereids. The tissue is so 
hard that it can be dissected only with 
very stout instruments. 

THE CONE SCALES — Basal scales — 
The stouter bottom scales of the cone are 
more tightly aggregated than the upper 
scales, and have broader triangular bases 
bearing against the cone axis. A very 
thin layer of cone axis cap tissue fringes 
this region, apparently without any signi- 
ficant function. These lower scales lack 
the usual shape and flattened appearance, 
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being thickened in the middle ( Fig 32). 
They do not develop scars, and bear no 
seeds. (Contrast description of repro- 
ductive scale below.) They remain per- 
manently attached to the peduncle-cone 
axis unit after the fall of the fertile 
scales and give the characteristic outline 
to the cone remnants that often litter the 
ground abundantly under old kauri 
trees ( Figs. 21, 27). These differences in 
the scale structure are not noticeable 
externally in an undissected cone. 
Reproductive scales — Scale attachment: 
Normally at the age of seed ripening, the 
reproductive scales detach from the middle 
and upper parts of the cone. The fertile 
scales are flattened; the exterior green, 
the interior always brown at maturity. 
The scales are attached to the cone axis 
by the portion a-b ( Fig. 30) through the 
cone axis cap tissue. If they are forcibly 
torn off when green, a narrow margin of 
the gelatinized tissue adheres to the scale. 
The flanks of the proximal end of the scale 
are free, leaving a comparatively small 
attachment surface. The vasculature be- 
comes increasingly bifurcated as it pro- 
ceeds from this narrow proximal end of 
the scale. Usually the topmost scales, 
which lack the characteristic flattened 
appearance and bear no fertile seed, re- 
main as a group and are cast off together. 
Seed attachment — The seeds during 
growth are organically attached to the 
fertile scales. A scar is clearly visible to 
the naked eye in the middle of the upper 
scale surface: and on the back of the seed 
as a white line 2 mm long, often “ T’’- 
shaped when dried (Figs. 8, 26, 31). 
Detailed examination of a scale from a 
nearly mature cone shortly before dis- 
integration shows a small, elongated, 
hollow filled with live and turgid cells 
easily distinguishable from the dead, 
hardened, scale tissue. The parenchy- 
matous cells of the scar are small, rounded 
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Fıcs. 20-25 — Fig. 20. Dissected stele of peduncle and cone axis unit, showing abrupt change 
from coarse to fine network. x 4. Fig. 21. Peduncle and cone axis showing cone axis cap at top. 
x 2. Fig. 22. Dissected portion of network ending with final tip for scale attachment. x 10. 


Fig. 
end of peduncle. x 2. 


23. The firm xylar strand of peduncle and cone axis, note the abscission groove at proximal 
Fig. 24. Top of cone axis stele partly enclosed in gelatinous cap. x 4. 


Fig. 25. One-year old cone (l.s.) the cone axis cap is light coloured, white drops are resin exuda- 
tions, at base of the peduncle is the weak attachment to a branchlet. x 3. 


26-29. 


Fics. 
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and thin-walled, contrasting strongly with 
the surrounding firm and dry sclerenchyma 
built of elongated, thick-walled cells. A 
section of the scar taken from the surface 
of a ripe scale is to be seen in Fig. 34. 
This attachment, connecting the scale 
with the outer seed coat continues also 
through the inner seed coat, the whole 
testa up to maturity being attached to 
the scale ( Fig. 33}. The outer part of 
this connective tissue is always visible in 
a careful examination of the surface of 
fresh seed. 

THE DISINTEGRATION PROCESS AND ITS 
RESULTS — Cone disintegration, i.e. shed- 
ding of the scales, occurs rapidly under 
suitable weather conditions. On all trees 
examined many peduncles with persisting 
cone axis were found after disintegration. 
In good weather when the peduncle with 
the cone axis dies and dries while still 
attached to the tree, the top of the dilated 
cone axis, initially pale green, turns grey, 
and shrinks rapidly and very often 
becomes quite black. These remaining 
units (the peduncle, the cone axis and 
the basal scales ) are ultimately cast off 
by the same mechanism as operates in 
casting branches. In many cases, approxi- 
mately two months elapse between dis- 
integration and casting off the peduncle. 

Under the damp conditions on the forest 
floor, the cone axis cap may then remain 
expanded (Fig. 21). It is a swollen, 
slimy and greyish transparent substance, 
which by increased humidity (of the 
atmosphere ) becomes a good medium for 
fungal growth and consequent decom- 
position. 

Whole cones — It is possible, however, 
to find whole cones on the ground. A 
cone intact with peduncle and cone axis 
attached may be cast by branch abscis- 
sion (Fig. 29) or the cone may detach 
from the cone axis, showing a hollow 
centre ( Fig. 28). In no instance was a 
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break observed at the base of the cone 
between peduncle and cone axis, as occurs 
in many other conifers. 

THE RIPENING OF THE CONES— Limited 
observations indicate the effect of change 
of temperature and humidity on the cone 
axis cap tissue and the length of time for 
which seeds remain attached to the scales. 

A branch with two cones of mature size 
was collected at Otari Open Air Plant 
Museum, Wellington, on February 3, 1953t, 
approximately two months before 
maturity. This branch was kept in water, 
and after a month the cones, though green 
externally, disintegrated and shed most 
of the reproductive scales, leaving a fresh 
pale green cone axis on the branch. 

A branch bearing three generations of 
cones with three cones of each was col- 
lected on March 2, 1953, from a large 
garden-grown tree at Waikanae. The 
branch was left over-night at room tem- 
perature. By early next morning, three- 
quarters of the fertile scales of the oldest 
generation cones were shed, leaving the 
cone axis as described for the Wellington 
specimens ( Fig. 8 ). 

Beneath the same tree at Waikanae 
on the same day, a green cone ( peduncle 
7 cm long) was shed by abscission, and 
showed disintegration of the scales follow- 
ing closely after the fall of the cone. 

On March 23 at Otari disintegrated 
cones were found scattered beneath a 
tree. Some of the scales were still stuck 
together in clumps, though severed from 
the axis. 

At Auckland on April 23, 1953, it was 
found that most of the scales were shed, 
and numerous peduncles united with cone 
axes remained on the trees. Few ripe 
cones were then present on the trees. In 
some cases the whole cones had been cast 


+The dates are given as a matter of pheno- 
logical interest. 
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Fics. 26-29 — Fig. 26. Fresh cone axis after scales are shed; white tips which were organically 


connected to scales are seen in regular pattern. 
unshed scales are seed scars. x 2. 


The white marks in the centre on the surface of 
Fig. 27. Naturally shed peduncle and cone axis with un- 


covered lower part of network ‘ basket’ after decomposition of cone axis Cap and of fine upper 
network. x 6. Fig. 28. Cone shed by detachment from cone axis; the white spot 1s dried resin. 
x 14. Fig. 29. Cone shed by abscission of peduncle (rubber band prevents disintegration of scales). 


x 1}. 
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Fics. 30-34. Fig. 30. Fertile scale with detail 
of attachment to cone axis, and with single seed 
in natural position. Nat. Fig. 31. Fertile scale 
with seed-scar and characteristic pattern of 
venation. Nat. Fig. 32. Sterile basal scale with 
wide triangular attachment. Nat. Fig. 33. 
L.s. young scale and seed, showing organic con- 
nection through both seed coats. x 6. Fig. 34. 
Detailed structure of seed-scar. X 50. 


off with peduncles and some had dropped 
without the axis, appearing still whole on 
the ground ( Fig. 28). In all cases where 
the scales had been shed, most of the 
seeds were still attached to the scales. 


Discussion 


The results obtained in this study are of 
interest in that they extend the present 
knowledge of the morphology of this often 
neglected conifer of the southern hemi- 
sphere, and as they seem to provide 
hitherto unrecorded material of signifi- 
cance in fundamental problems of its life 
history. 

The meristematic cell groups originating 
by cell division and cell enlargement and 
found abundantly among the large paren- 
chyma cells are responsible for the rapid 
increase in diameter of the cortex. Re- 
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differentiation takes place here, some 
of the parenchyma cells resume meriste- 
matic activity, increase in bulk, and then 
differentiate again into parenchyma. 
Owing to this active growth of paren- 
chyma and reduction of xylem, the cortex 
occupies the largest portion of the branch- 
base. This supports the branch firmly 
at the trunk, until abscission occurs. The 
growth of new cells round the vascular 
bundles, besides increasing the volume, 
seems to help to collapse the bundles rather 
than to maintain them (Fig. 4). The 
marked blockage of the phloem and the 
transfusion tissue in vascular bundles with 
dark substance also seem to be effective 
in bringing into action the abscission 
mechanism (Fig. 4). 

Growth of new cells is further respon- 
sible for reduction of the wood elements 
at the base of the branch, the parenchyma 
occupying the space previously occupied 
by tracheids. The factors responsible 
for the morphogenesis of the vascular 
strand tend, at the same time, to weaken 
the tracheary tissue histologically. The 
parenchyma wedges formed in the xylar 
strand tend to connect themselves with 
the dilated medulla. This dilated pith 
brings with it an increased exposure of 
dead cells and must be important func- 
tionally, for the soft parenchyma tissue 
contracts and the xylem tissue can be 
drawn in, to cause a groove, which as has 
been shown becomes very pronounced. 
Finally, a segregation of the tapered 
xylem cylinder occurs, caused by increased 
activity of the soft parenchyma of the 
wedges and by its fusion with the pith 
inside and the cortex outside. 

The species belongs to a group where no 
true longitudinal parenchyma is developed 
(Brown, Panshin & Forsaith, 1949), 
indicating that in the genus there is no 
tendency to form any parenchyma in the 
wood other than ray parenchyma. The 
frequency and development of “ destruc- 
tive parenchyma ” of the specimens in- 
vestigated depend on the age, size and 
environmental conditions of the particular 
branch. This meristematic activity does 
not appear to extend in any other part of 
the branch. It has been shown that the 
normal structure of the wood changes just 
at the point where the vascular tissue for 
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the leaf bends down and leaves the main 
vascular strand as a vascular bundle. 

It would be hard to show exactly what 
would be the influence of the development 
of the compression wood at the base of the 
branch in relation to the other changes 
associated with branch abscission. The 
abnormalities in tracheid structure may 
be influenced both by one or other of these 
factors. The lower wood of the branch 
remains longer in connection with the 
main trunk, owing probably to the com- 
pression wood, which often occupies a 
sufficiently large volume of ‘the xylem 
section to act to some degree as a small 
buttress supporting the weight of the 
branch. 

The modification in the xylem morpho- 
logically and histologically is a slow pro- 
cess, as slow as the actual abscission. 
The decrease in the number of tracheids 
and the increase in growth of parenchyma 
both tend to weaken the base of the 
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branch, and water conduction becomes 
limited, and ultimately is completely in- 
terrupted. While to external appearance 
a branch ready for abscission is “ alive ’’, 
internally it is “ dead ””, organic connec- 
tion with the trunk having ceased some 
time before actual branch-fall. 

The result of all modifications described 
is in effect that the branch-xylem at the 
point of junction with the main stem is 
much thinner than the xylem distal from 
that point. That factor and the weight 
of the horizontal juvenile branch together 
make the point of junction a point of 
rupture. 

The ring of corrugated cork which is a 
constant feature of the peduncle, imme- 
diately below the cone, appears as a pro- 
tective zone, covering the two soft belts 
formed of small parenchymatous cells with 
swollen walls, which may give elasticity 
and protection against shocks and move- 
ments of the peduncle. 


Fic. 35 — L.s. through peduncle and cone axis of immature cone; tissue of cone axis cap is 
distinct even after prolonged preservation in formalin acetic alcohol, the xylar strands have 


broken between the coarse and the fine network. 


3 
z nat. 
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Changes of temperature and humidity 
influence the elastic tissue which caps the 
cone axis and finally operate to rupture 
the slender strands connecting the scales 
to the axis. This remarkable and ap- 
parently unique cap has been overlooked 
in all previous descriptions of species of 
this genus. The destruction or disorgani- 
zation of cells in the cap, being a slow 
process, would be closely related to the 
phenomenon’ described as cytolysis 
( Küster, 1935). 

An outstanding morphological feature 
is the formation of the stele of the cone 
axis, which, though of small dimensions, 
resembles in general aspect the stele of a 
fern. This one-piece vascular skeleton, 
extending from the base of the peduncle to 
the top of the cone axis, has the function 
of mechanical support for the cone. The 
ramification of the firm tubular stele in a 
fine network at the apex gives an increased 
area of conducting tissue. This increased 
surface supplies the cone better and is more 
favourable for physiological inter-changes. 

The spiral structure of the fibres tra- 
versing about one cm of the cone axis cap 
tissue of the mature cone presumably 
gives strength and elasticity, until the 
final separation of the fertile cone scales. 
Such fibres will yield to alternate extension 
and compression during growth until at 
maturity they rupture at the disintegra- 
tion surface. Hence, fallen peduncles 
ultimately end with the coarse network 
and the roughened surfaces shown in 
Fig. 27. 

The seed dispersal pattern of the species 
must be affected by two of the features 
that have been described, viz by intra- 
cellular connection between testa of the 
seed and the fertile scale; and by the cone- 
branchlet abscission which so frequently 
precedes cone disintegration. Both of 
these features must restrict the free dis- 
persal of the winged seed by wind and so 
affect the regeneration pattern of the 
species. 

The branch abscission apparatus des- 
cribed in this paper has, therefore, from 
an evolutionary point of view, two results. 
It has assisted in development of the knot- 
free trunk characteristic of the species, 
and has restricted seed dispersal to give a 
typical regeneration pattern less distant 
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from parent trees than might have been 
expected from winged coniferous seeds. 
This restricted seed dispersal pattern, 
therefore, must in its turn have affected 
the distribution pattern of the species in 
the forest communities. 


Summary 


Branch abscission is a characteristic 
feature of Agathis australis. 

Apart from the terminal (growing 
points ) and lateral ( cambium and phello- 
gen) meristems, tissue develops by cell 
division in the cortex to increase the bulk 
of cells and to replace wood elements at 
the base of the lateral branches. 

The changes in the cortex and vascular 
strand at the base of the branch are based 
on morphological and histological modi- 
fications. The morphological changes are 
due to (a) segregation of the xylem into 
distinct strands, (b) bending downwards 
and tapering of the vascular strand, and 
(c) dilated medullation; histological 
changes are (d) an increased growth of 
parenchyma which weakens the strength 
of the wood, and (e) the length of the 
tracheids tends to decrease. These tra- 
cheids are copiously pitted, have less- 
tapered tips, often change their course and 
separate from each other in the bundles. 

Compression wood develops on the 
lower side of every lateral branch. 

Periderm, ultimately forming the pro- 
tective tissue on the branch scar, develops 
long before the actual branch-fall. 

Branch abscission is also active in 
branches bearing female and male cones, 
casting off the useless peduncles with the 
cone axis and the small foliar branches. 

The annular scar beneath the cone has 
no abscission activities, but reveals some 
elastic properties presumably for the move- 
ments of the cone branch. 

A cap of tissue distinct from all neigh- 
bouring tissue is developed on the upper 
portion of the cone axis. 

A process of cell destruction, accom- 
panied by gelatinization, similar to cyto- 
lysis, occurs in the cap of the cone axis 
leading to disintegration of cone and 
shedding of cone scales. 

In the cone axis the firm tubular stele 
of the peduncle is converted into a dictyo- 
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stelic extension in the shape of a basket- 
like network. The latter is composed of 
strands of two thicknesses and forms the 
basis of the definite pattern of the cone. 

The uppermost vascular elements of the 
apex of cone axis exhibit spiral elements, 
10-15 p in diameter. 

The delicate attachment of the fertile 
scales to the cone axis is decreased by free 
flanks of the scale, the vascular connection 
being a small bundle of about 10 spiral 
elements. The attachment of the seed 
on the fertile scale is attended by a small 
connection of the seed coats almost in the 
middle on the upper surface of the scale. 

The basal scales are attached to the 
cone axis in a broadly triangular fashion, 
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bear no seed scars because of lack of seeds, 
and rather belong as a constituent to the 
peduncle with the inseparable cone axis 
because they are not shed. 

The unique cap and the stelar morpho- 
logy of the cone axis helps to interpret 
the mechanism of disintegration of the 
cone. 

My most sincere gratitude is due to Mr 
C. M. Smith, Miss L. B. Moore and Mr 
A. J. Healy of the Botany Division, 
D.S.I.R., for assistance in many ways; 
to Messrs A. L. Poole and G. B. Rawlings 
of New Zealand Forest Service for 
material; and to Messrs E. J. Thornley 
and S. N. Beatus of the Information 
Bureau, D.S.I.R., for help in photography. 
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THE FORM, STRUCTURE AND SPECIAL MODES OF 
DEHISCENCE IN ANTHERS OF CASSIA 
I — SUBGENUS FISTULA 


C. S. VENKATESH 
Department of Botany, University of Delhi, Delhi, India 


Introduction 


The androecium in the genus Cassia 
shows great variability. This is perceiv- 
able in the general form of different 
stamens comprising the androecium, 
structure of anthers and their mode of 
dehiscence. On the basis of characters 
of the androecium and fruit, Cassia has 
been divided into three subgenera: Fistula, 
Lasiorhegma and Senna ( Engler & Prantl, 
1894). Several sections are recognized 
under each subgenus. This paper deals 
with anthers of the subgenus Fistula. 
Accounts of the two other subgenera will 
appear in subsequent papers. 

Flowers of all the species investigated 
showed enantiostyly, i.e. occurrence of 
left and right-handed flowers. These may 
be found on the same plant and even in 
the same inflorescence. The flowers differ 
nto only in the arrangement of the style 
which is bent to the left or the right of 
the old flower, but also in the relative dis- 
position of the different sepals and petals. 


Materials and Methods 


Buds of different ages and open flowers 
of Cassia fistula L., C. marginata Roxb., 
and C. nodosa Ham. were fixed in formalin- 
acetic-alcohol. The material of C. fistula 
and C. nodosa was collected at Delhi and 
that of C. marginata at Mysore. The 
gross features of anthers were studied in 
whole mounts and also from free hand 
sections cleared in lactophenol. The ana- 
tomical and histological details were 
followed from microtome sections, 6 to 12 
microns thick. The sections were stained 
with a combination of Heidenhain’s iron- 
haematoxylin and eosin, Older anthers 


were difficult to microtome owing to their 
indurated wall but prolonged soaking of 
the imbedded material considerably faci- 
litated sectioning. 


Observations 


MORPHOLOGY OF THE ANDROECIUM — 
Though all the ten stamens of a flower are 
antheriferous in the subgenus fistula, they 
are markedly dissimilar in the length of 
filament and size and form of the anthers, 
For convenience of reference, their posi- 
tions are numbered i-x in Figs. 1-4. The 
numbering is purely arbitrary and bears 
no relation to the sequence of develop- 
ment of the stamens. The three anterior 
ones are the tallest and curved like the 
mark of an interrogation (Fig. 1). Their 
filaments are flat and broad in C. fistula 
( Figs. 1, 2), slender in C. marginata ( Fig. 
3) and in C. nodosa ( Fig. 4) they appear 
prominently nodulose around the middle. 
The three posterior stamens iv, v, xi are 
the shortest and bear small anthers while 
the four centrally situated stamens vi-ix 
are of medium height. The three tall 
stamens and the two short posterior 
laterals iv, v constitute an outer ante- 
sepalous whorl while the four medium 
stamens vi-ix and the short odd posterior 
stamen x belong to an inner antepetalous 
whorl. 

The anthers are dithecous and are 
distinguishable into two main types. 
The three tall stamens are large, elliptical, 
flattened and have blunt apices. They 
dehisce by incomplete longitudinal slits 
( Figs. 5-7). The short, posterior, lateral 
stamens, belonging to this whorl, bear 
almost similar anthers but they are very 
much smaller ( Figs. 8, 9). The anthers 
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of stamens of medium height are more or tips of the spurs. In mature anthers, the 
less round, broad and apiculate, but the spurs shrink, become brown, and have 
thecae narrow down into curved basal wide open pores (Fig. 11). The single 
spurs below the point of insertion of the posterior stamen, which also belongs to 
filament ( Figs. 10-13). The stamens viii this whorl, is very small but resemble the 
and ix usually bear smaller anthers than others in form and dehiscence ( Figs. 14, 
viand vii. Inall these anthers dehiscence 15). All anthers of the inner whorl are 
occurs by sub-basal pores located at the freely movable on their filaments. 
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-18 — Cassia fistula, C. marginata and C. nodosa (ap, pointed apex; ct, vascular trace 
of eae Hiab vascular faa of filament; id, indehiscent region; ?f, insertion of 
filament; 7, loop of filament; p, pore; pi, pistil; sp, slit; tb, free base of theca; tht, eas 
vascular traces to the thecal bases; ¢s, thecal spur). Fig. 1. Side view of open flower of ce en 
with sepals and petals removed. x 2°5. Figs. 2-4. Androecium of C. fistula, C. oi a an = 
nodosa respectively. x 1:2. Figs. 5-7. Anthers (7-111 type) of C. fistula, C. nodosa an a 7 
Fig. 5 is a dorsal view, others are ventral. x 8. Figs. 8, 9. Anthers (iv, v type ) o 2% a 
and C. marginata. x 8. Figs. 10-13. Anthers ( vi-ix type) of C. fistula ( Figs. IL 6 2 a 
(Fig. 12) and C. marginata (Fig. 13). x 8. Figs. 14, 15. Anthers (x type) 0 a a + 
C marginata. x 8. Figs. 16, 17. Tangential vertical and median vertical plan of ant ers © 
tlie outer and inner whorl respectively to show the vasculature. Fig. 18. T.s. part of young micro- 


sporangium of C. nodosa. x 160. A 
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In C. fistula, Venkatesh (1954) re- 
ported a resupination of flowers as a result 
of which, with reference to the axis, the 
position of the anterior and posterior 
stamens becomes reversed. 

As the flower matures some changes 
occur in the disposition of the various 
anthers which is, perhaps, of some signi- 
ficance in pollination. In the bud, anthers 
of the inner whorl face towards the centre 
of the flower. Later, the filament of 
stamens vi-ix twist and curve so that their 
anthers face upwards and towards the 
posterior side of the flower. The filament 
of stamen x, however, persists in the 
original position and remains introrse as 
before. As far as the outer whorl is 
concerned, the anthers of the three large 
stamens face upwards and towards the 
centre of the flower. The anthers of the 
shorter stamens of this whorl are, at first, 
introrse, but subsequently the tips of their 
filaments twist to form loops so that they 
now face the opposite posterior side of the 
flower ( Figs. 1-4). 

VASCULATURE OF THE STAMENS — The 
stamens and anthers are alike in their 
vascular supply ( Figs. 16, 17). The fila- 
ment receives a single vein ( ft ) from the 
receptacular stele. On entering the con- 
nective, it gives off two lateral descending 
traces ( tht ) to the basal end of the thecae 
below the insertion. The main trace of 
the connective ( ct ) ascends almost to the 
tip of the anther and usually remains 
unbroken. 

DEVELOPMENT AND STRUCTURE OF THE 
ANTHERS — Development of pollen does 
not occur simultaneously in all the anthers 
of the same flower, and there is a time-lag 
between anterior and posterior anthers. 
Thus, for instance, in a bud in which 
anthers i-iii have uninucleate pollen grains, 
anthers vi-ix show tetrads and anthers iv, 
v and x contain pollen mother cells. 


PHYTOMORPHOLOGY 


The anthers have a massive wall ( Fig. 
18) consisting of the epidermis and 
hypodermis which become fibrous at 
maturity, six to eight layers and a secre- 
tory type of tapetum some of whose cells 
become 2- to 3-nucleate. 

The difference in the dehiscence of 
anthers of the outer and inner whorls is 
associated with developmental and struc- 
tural differences of their wall. 

ANTHERS OF THE OUTER STAMINAL 
WHORL — Fig. 19 represents a young 
anther of the outer staminal whorl. Two 
linear and lateral grooves mark the stomia 
or the future lines of dehiscence. Except 
for a short interruption, these grooves 
extend over the greater length of the 
anther. Figs. 20-25 are transections at the 
levels indicated in Fig 19. Of the four 
pollen sacs, the dorsal pair is slightly 
longer than the ventral (Figs. 20, 21). 
All the pollen sacs, however, stop short of 
the basal extremities of the thecae which 
are, therefore, sterile ( Fig. 25 ). 

The stomium originates as a lateral 
depression along the middle line of the 
theca (Fig. 26). The stomial furrow 
deepens as the hypodermal cells adjoining 
it enlarge radially although the epidermal, 
hypodermal and subhypodermal cells, 
situated within the groove itself, remain 
unenlarged and overlay a small-celled 
tissue — the resorption tissue which is 
differentiated in the septum ( Fig. 27, r). 
Later on the hypodermal cells develop 
characteristic secondary fibrous thicken- 
ings and as a result of the dissolution of 
the resorption tissue, a passage is created 
connecting the adjoining pollen sacs in 
the two thecae. Figs. 28, 29 show parts 
of an older anther near the base and 
upper region respectively. It will be seen 
that the fibrous layer as well as the 
thickened epidermis are interrupted and 
discontinuous in the stomial region because 
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Fics. 19-31 — Anthers of outer whorl C. fistula ( epi, epidermis; fh, fibrous hypodermis; ol, 
other unthickened layers of anther wall; 7, resorption tissue of septum; rp, passage formed in 


place of resorption tissue; se, 


stage. X 325. 


hiscent region as indicated in Fig. 23. x 325. 


septum; stg, stomial groove). 
Figs. 20-25. T.s. young anther at levels indicated in Fig. 19. x 15. 
young anther showing origin of a stomium as a lateral depression. x 325. 


Fig. 19. Young anther. x 10. 
Fig. 26. Part of (t.s.) a very 
Fig. 27. Same, later 


Figs. 28, 29. T.s. stomial region of an old anther from near the base and the tip 
respectively as indicated in Figs. 24 and 22. x 135. 


Fig. 30. T.s. part of anther from the inde- 


Fig. 31. Same, much older stage. x 135. 
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of the unenlarged cells of the latter as 
mentioned above. Moreover, the fibrous 
hypodermal cells, immediately adjoining 
the stomium, are more or less radially 
enlarged with the thickenings disposed 
vertically or somewhat obliquely to the 
surface of the anther, whereas the fibrous 
cells elsewhere around the sporangia are 
radially flattened with the thickenings 
disposed parallel to the surface. 
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On the other hand the wall in the in- 
dehiscent position of the anther lacks 
stomia. Here, the formation of lateral 
furrows is omitted whereby the epidermis 
and hypodermis come to be continuous 
across the septa though a septal resorption 
tissue is differentiated (Fig. 30). An 
older anther in a similar region shows the 
thickened fibrous hypodermis and a few 
thickened subhypodermal cells where a 


Fics. 32-38 — Anthers of outer whorl of C. fistula ( sl, slit; sr, disorganized remains of septum; 


ud, undehisced region ). 
at levels indicated in Fig. 32. x 15, 
tively. x 85. 


Fig. 32. Dehisced anther. 


x 10. Figs. 33-38. Same, t.s. dehisced anther 


Figs. 354, 364, Enlargements from Figs. 35 and 36 respec- 
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stomium should have existed (Fig. 31). Dehiscence is in the usual way by the 
The passage connecting the pollen sacs disorganization of the stomia and the 
has been formed by septal resorption. mechanical action of the fibrous layer 
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Fics. 39-49 — Anthers of inner whorl of C. fistula (epi, epidermis; fh, fibrous hypodermis; 
y, resorption tissue, at v/ resorption has already commenced; vc, cavity formed by resorption; 
std, stomial depression; stg, stomial groove; #, large-celled parenchyma of sterile spur). Fig. 39. 
Young anther in side view. x 10. Figs. 40-45. T.s. anther at levels indicated above. x 15. 
Fig. 46. Part of (t.s.) spur of a very young anther. X 325. Fig. 47. T.s. spur of older anther. 
x 135. Fig. 48. Same, older anther. x 135. Fig. 49. T.s. young anther in the indehiscent region 
as indicated in Fig. 41. x 400. 
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which causes the split and edges of the wall 
to curl resulting in two long and linear 
slits along the middle of the thecae ( Figs. 
32-38). Figs. 35A and 36A show the 
structural details in the dehisced and un- 
dehisced regions of the anther. The wall 
consists of chiefly the epidermis and fibrous 
hypodermis while the other layers are 
largely crushed out. A shrunken mass is 
all that remains of the septum. In Fig. 
35A a slit is seen in place of the stomium 
but in Fig. 36A the anther wall has failed 
to split and is intact in the region where 
it should have broken had there been a 
stomium. This accounts for the in- 
completeness of the slits formed on 
dehiscence. 

ANTHERS OF THE INNER STAMINAL 
WHORL — Fig. 39 represents a young 
anther of the inner whorl and Figs. 40-45 
are transections of such an anther. All 
the pollen sacs are nearly of the same 
height (Fig. 40). Though the ventral 
pair is somewhat longer below, yet none 
of the pollen sacs reach the tips of the 
spurs which, therefore, remain sterile ( Figs. 
44, 45). It is in this region that short, 
linear stomia develop. Each stomium 
arises as a lateral furrow on the spur 
( Fig. 46). As the furrow deepens into a 
groove, the hypodermal cells get arranged 
in a regular row around the sterile tissue 
that fills the spur. Meanwhile, the sterile 
tissue differentiates into a distinct, small- 
celled resorption tissue and large-celled 
parenchyma. The epidermal and hypo- 
dermal cells at the base of the stomial 
groove remain unenlarged and un- 
thickened. They abut on the resorption 
tissue and constitute the stomium proper 
(Fig. 47 at r). The hypodermal cells 
further elongate radially, get thickened 
and develop fibrous thickenings on their 
wall. However, the fibrous layer as well 
as the thickened epidermis are both 
interrupted by the stomium which now 
abuts on a hollow cavity formed by the 
dissolution of the resorption tissue ( Fig. 
48). 

Along the greater length of the anther, 
the stomia fail to differentiate and the 
epidermis and hypodermis continue un- 
interrupted by any furrow ( Figs. 49, 50). 
A septal resorption tissue is, however, 
present all along the anther and by its 


dissolution a passage is created which 
connects the adjacent pollen sacs of each 
theca ( Fig. 51) and is also in basal com- 
munication with the cavities formed in the 
thecal spurs. The hypodermis becomes 
thickened and fibrous but its cells are not 
radially enlarged like those around the 
spurs. The fibres show the same pattern 
of disposition as in anthers of the outer 
whorl described earlier. 

The actual dehiscence involves the rup- 
ture of the anther wall along the two short 
stomia and spreading apart of the split 
valves by the mechanical action of the 
fibrous layer which is very well developed. 
The initial narrow linear openings gape 
widely to give rise to the oval pores of the 
dehisced anther (Figs. 52, 53, 53A). 
Even prior to dehiscence, much of the 
sterile parenchyma filling the spurs gets 
absorbed resulting in the hollowing of 
each spur into a large cavity which is in 
upward continuation with the fused pollen 


Fics. 50-57 — Anthers of inner whorl of C. 
fistula (c, cavity of the spur; fh, fibrous hypoder- 
mis; o/, other unthickened layers of the wall; p, 
pore; r, resorption tissue; vol, remains of other 
layers of the wall; #4, undestroyed remains of 
parenchyma; se, septum; sr, shrunken remains of 
septum; is, thecal spur). Fig. 50. T.s. part of 
older anther in the indehiscent region as indicat- 
ed in Fig. 42. x 54. Fig. 51. Same, mature 
anther. x 54. Fig. 52. Dehisced anther. x 4. 
Figs. 53-57. T.s. dehisced anther at levels indicat- 
ed in Pig. 52. 6¢ 6. VRies #534, 5404, Enlarge- 
ments of portions outlined in Figs. 53 and 54 
respectively. x 54. 
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sacs of its own theca and puts the latter 
in communication with the sub-basal pores, 
though the major part of the anther wall 
remains unsplit owing to the lack of 
stomia ( Figs. 54-57, 54A ). 


. Discussion 


From the foregoing account it is clear 
that the difference in the mode of de- 
hiscence of the two whorls of anthers can 
be ascribed to the variations in the de- 
velopment of stomia and the disposition 
of fibrous thickenings in the hypodermal 
layer. In anthers of the outer whorl, 
the stomia are long and linear as in a 
typical angiospermic anther, but they are 
discontinuous for a short length in the 
middle of the thecae so that this part of 
the anther wall is destined to remain un- 
dehisced although the fibrous thickenings 
of the hypodermis are as well developed 
here as in the neighbourhood of the 
stomia. In these anthers, therefore, the 
incompleteness of the slits is due to res- 
triction of stomial development and it is 
not related to any localization of the 
fibrous mechanism. 

The poriform openings of anthers of the 
inner whrol also originate from linear 
stomia which are, however, very short 
and develop only in the sub-basal region of 
the thecal spurs which are specilized for 
dehiscence. Though the pollen sacs stop 
short of the stomial region, they are never- 
theless in indirect contact with the stomia 
through zones of resorption tissue dif- 
ferentiated in the sterile parenchyma 
filling the spurs. The hypodermis is 
specialized around the spurs, its cells being 
columnar, highly thick-walled and pro- 
minently fibrous than their counterparts 
in the rest of the anther where the stomia 
fail to develop. 

The peculiar mode of dehiscence in this 
subgenus has evolved from a typical 
longitudinal dehiscence of an ordinary 
anther by certain modifications in de- 
velopment and structure. Anthers of the 
outer whorl have but slightly departed in 
restricted stomial development, the fibrous 
mechanism being uniform all over the 
anther. In anthers of the inner whorl, 
on the other hand, not only are the stomia 
further restricted in development but are 
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also accompanied by a localized speciali- 
zation of the fibrous mechanism in the 
spurs containing the stomia. The narrow 
initial openings formed by disorganization 
of the greatly reduced stomia flare and 
transform into a pore on account of the 
specially well developed fibrous mechanism 
over only a small area. 


Summary 


Apart from the differences in their 
relative size, anthers in the subgenus 
Fistula of Cassia are of two distinct types. 
Those of the outer staminal whorl are flat 
and elliptical and dehisce by incomplete 
slits on their ventral face. Anthers of the 
inner whorl are more rounded and shortly- 
spurred below and dehiscing by pores 
developed on these spurs. 

All the stamens are alike in vasculature. 
There is a time-lag in the development of 
pollen in the anterior, middle and posterior 
stamens. 

The massive anther wall consists of 
several layers of which the hypodermis 
differentiates into a typical fibrous layer 
which plays the mechanical role in 
dehiscence. Along the sides of the anther, 
the fibrous thickenings are disposed ver- 
tically or obliquely, but around the greater 
part of the microsporangia they are 
arranged parallel to the surface. A small- 
celled resorption tissue occurs in the septa 
partitioning the adjacent pollen sacs, 
both in the dehiscent and indehiscent 
regions of the anther. 

The anther tapetum is of the secretory 
type and some of its cells become 2-3 
nucleate. 

The region of dehiscence is marked by 
narrow linear stomial areas which consist 
of unenlarged and unthickened cells of the 
epidermis and hypodermis and a sub- 
jacent resorption tissue differentiated 
below. This resorption tissue occurs not 
only in the region of the stomia but 
also in the indehiscent regions of the 
anther. 

It is shown that the differences in the 
mode of dehiscence of anthers of the outer 
and inner whorls is due to certain struc- 
tural specializations of the anther wall. 

I am thankful to Professor P. Mahesh- 
wari for criticism and suggestions. 
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OBSERVATIONS ON THE AERIAL APPENDAGES 
IN THE PSILOTACEAE? 


D. W. BIERHORST 
Department of Botany, Cornell University, Ithaca, N.Y. 


Present-day interpretations of the ap- 
pendages of the Psilotaceae are based 
primarily on the conflicting accounts of 
Juränyi (1871), Goebel (1881), and 
Bower (1894). The following is an 
account of observations made in an 
attempt to clarify certain points of con- 
fusion now existing in the literature. 


Materials and Methods 


The materials consisted of various 
stages of fertile and sterile appendages of 
Psilotum nudum (L.) Beauv., taken from 
the greenhouses of the Department of 
Botany, University of Minnesota; P. 
complanatum Sw. collected by J. Tilden 
on Oahu, T. H. in 1900; and Tmesipteris 
tannensis ( Spreng.) Bernh., collected by 
J. Tilden in New Zealand in 1910. 

Fresh material of Psilotum nudum gave 
best results with Craf V (Sass, 1940) 
fixation. The material collected by J. 
Tilden had been fixed in formaldehyde 
and was quite well preserved. All of the 
following combinations of stains gave 
excellent results: safranin and fast green, 
Heidenhain’s haematoxylin and safranin 
or fast green, iodine green and acid 
fuchsin or erythrosin. 


Sterile Appendages 


Psilotum nudum — The gross morpho- 
logical and histological aspects of the 
sterile appendages of P. nudum are well 
covered in the literature (Ford, 1904; 
Solms-Laubach, 1884). 

Solms-Laubach (1884) reported that 
the sterile appendages ( simple, bract-like 
structures borne on the vegetative axis ) 
occasionally have weak vascular traces; 
that the stellar protoxylem strands in the 
main vegetative axis more or less agree 
in number and in position with the sterile 
appendages; and further that there is a 
prominent extension of a protoxylem 
point below each appendage. This is 
confirmed in part by the writer. The 
relationship between the position of 
sterile appendage and disposition of 
vascular tissues in the vegetative axis 
varies according to the level in the shoot 
system. Little or no correlation is found 
near the ground level. The xylem arms 
with protoxylem points do not become 
elongate and prominent until midway 
between the ground level and the first 
order of branching, and then only in 
certain shoots of moderate to large size. 
From this level to about the fourth order 


*This represents the last in a series of papers ( Bierhorst, 1953, 1954a, 1954b, 1954c, 1955 ) 
taken from a Ph.D. thesis submitted to the Department of Botany, University of Minnesota, 


Minneapolis, Minn. 
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of branching, the xylem arms are quite 
prominent and there is a very distinct 
extension of a protoxylem point below 
each appendage. The extensions are 
most prominent in the immediate vicinity 
of a bifurcation. The endodermis usually 
bulges outwards where a protoxylem point 
is extended. Occasionally, the latter may 
become separated from the remainder of 
the xylem mass; it may even become 
separated as a distinct trace outside the 
endodermis. However, the maximum 
separation from the stele is no more 
than a few cells. 

In the more distal portions of the shoot 
system, the appendage-protoxylem rela- 
tionships again become irregular. 

The first external indication of the onto- 
genetic origin of a sterile appendage is a 
slight bulge on the flank of the dome of 
the shoot apex. In radial section, it is 
seen that the superficial layer of cells of 
the shoot apex is continuous over the 
bulge. Periclinal divisions in the small 
mass of cells within or just below the 
bulge are more frequent than in corres- 
ponding regions on the apex where no 
bulge is present. Anticlinal divisions are 
considerably more frequent just above 
the bulge (in its axil) than in any other 
portion of the superficial layer of the apex 
( Fig. 1). These anticlinal divisions result 
in an increase in surface area at this point, 
and the bulge is pushed out as a definite 
appendage ( Fig. 2). The question arises 
here: Which appears first, the bulge itself, 
the periclinal divisions below the bulge, 
or the anticlinal divisions just above the 
bulge? It must be admitted that the 
series of events is rather close in time, and 
that the question must be answered rather 
subjectively, just as similar questions are 
answered pertaining to leaf initiation in 
flowering plants. In the opinion of the 
writer, the bulge is the result of a “‘ wave 
action ” following a series of anticlinal 
divisions in the axil. 

Occasional anticlinal divisions occur 
later over the surface of the young appen- 
dage accompanied by quite frequent perl- 
clinal divisions in the inner tissues of its 
base. At this stage, the apex of the 
appendage is often quite narrow at its 
free end, the superficial cells here being 
isodiametric to slightly elongate antı- 
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clinally (Figs. 3,4). Thus, the cell at the 
very summit of the appendage, in longi- 
tudinal section, frequently approximates 
the form of an apical cell. Attempts were 
made to reconstruct this cell in its entirety, 
and in no instance did it approximate the 
pyramidal form of a typical apical cell, 
nor was it ever observed to divide in a 
manner characteristic of an apical cell. 
From this stage onwards, meristematic 
activity is restricted to the basal portion 
of the appendage, whereas cell elongation 
and maturation is rapid in the distal 
portion (Fig. 5). 

Psilotum complanatum — Stiles (1910) 
reported that the sterile appendages of 
P. complanatum (“P. flaccidum’’) are 
provided with a vascular trace. During 
the course of this study material of both 
the upright and pendulous forms was 
examined for this characteristic. The 
writer’s observations agree essentially 
with those for P. nudum. In the region 
of stem bifurcation, prominent extensions 
of the protoxylem points are located below 
the sterile appendages and an occasional 
arm departs from the stem stele as a 
definite trace. Occasionally, one of these 
traces extends nearly to the base of a 
sterile appendage, as Stiles (1910) des- 
cribed. In stem regions farther removed 
from the bifurcation, protoxylem exten- 
sions are not prominent, nor do all of the 
extensions correspond to appendages. The 
trace, when present, is a single, exarch 
bundle. 

The internal structure of the sterile 
appendages of P. complanatum is almost 
identical to the structure of P. nudum. 
This similarity may also be extended to 
the details of ontogeny, although it must 
be pointed out that material was some- 
what limiting in the case of the former 
species. 

Psilotum nudum — Fertile appendages— 
The fertile appendage, in all cases ob- 
served, originated ontogenetically quite 
close to the very summit of the dome of 
the vegetative apex. The sterile appen- 
dages, on the other hand, originate either 
close to the summit of the apex or farther 
down the sides of the dome. The very 
young fertile appendage is always nearly 
the same size as the apex of the vegetative 
shoot when the former is first recognizable 
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(Fig. 6). A sterile appendage may be 
nearly the same size as the shoot apex, 
but is often considerably smaller. In 
radial sections the differences between 
the very young fertile and sterile append- 
ages become more clear. As was pointed 
out above, the sterile appendage grows 
almost from the first as the result of 
meristematic activity at its base. Very 
early in its ontogeny, cell elongation and 
maturation are evident at its distal end; 
also, the superficial cells in the axil of each 
sterile appendage undergo frequent anti- 
clinal divisions. A young fertile append- 
age ( Fig. 6) differs from a sterile append- 
age of comparable size and position in 
exhibiting pronounced apical growth by 
means of an apical cell and in lacking 
frequent anticlinal divisions in its axil. 
On the abaxial side of the young fertile 
appendage, slightly below its apical cell, 
a bulge (Fig. 6) is produced in what 
appears to be the same way in which a 
sterile appendage primordium originates 
on the apex of the vegetative shoot. 
Soon after this bulge is initiated, it be- 
comes bilobed and each of the lobes 
develops by means of basal growth, while 
maturation soon sets in at the apex, as 
in the sterile appendages on the vegetative 
shoot. The apex of the fertile appendage 
continues to grow in length to a limited 
extent. In section, the apex of the fertile 
appendage at this stage shows a 3-sided 
pyramidal apical cell ( Figs. 7, 8). The 
most recent derivatives of the apical cell 
divide periclinally producing relatively 
small inner cells which can be traced 
proximally to a procambium ( Fig. 7). 
The other superficial cells of the apex also 
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divide periclinally producing a small inner 
mass of tissue which appears quite similar 
to that tissue of the apex of the vegetative 
shoot which will ultimately differentiate 
into. the cortex. These cells (Fig. 7) 
have slightly more deeply staining cyto- 
plasmic contents and are also more plas- 
molyzed in fixed and stained preparations 
than adjacent cells. It is this tissue which 
will ultimately give rise to the meiocytes 
and the associated cells which break down 
to provide the fluid medium in each locule 
of the spore-producing apparatus. 
Concerning the stages in the develop- 
ment thus far described, there is con- 
siderable controversy in the literature. 
Juranyi (1871) was the first to report the 
presence of an apical cell in the young 
spore-producing apparatus of the fertile 
appendage. He also described the spore- 
producing apparatus as terminal on the 
fertile appendage. Strasburger (1873) 
denied the presence of the apical cell in 
the spore-producing apparatus, as did 
Goebel (1881). Goebel did, however, 
describe the spore-producing apparatus 
as terminal on the appendage. Bower 
( 1894 ) indicated the presence of an apical 
cell at the apex of the fertile appendage 
in his illustrations but in the text expressed 
some doubt of its actuality. He inter- 
preted the spore-producing apparatus as 
an adaxial outgrowth of the fertile append- 
age and indicated in his illustrations the 
actual apex of the appendage as located 
between the spore-producing apparatus 
and the sterile apparatus. In addition, 
he indicated an apical cell at the apex of 
the spore producing apparatus which, he 
was not certain, existed. Solms-Laubach 


Fics. 1-26 — Figs. 1-5. Successive stages in the development of sterile appendages of Psilotum 


nudum; in Fig. 4, a dichotomized vegetative apex is also shown. Fig. 1. x 40. 
Fig. 6. Median l.s. through vegetative shoot apex of P. nudum showing a 


Bigs, 3-5. x 35. 


Fig. 2. x 50. 


young fertile appendage (apex to left). x 40. Fig. 7. Spore producing apparatus of a young fertile 
appendage of P. nudum. x 40. Fig. 8. Fertile appendage (tangential section) of P. nudum 
slightly older than the one in Fig. 6. x 40. Figs. 9-11. Successive stages in the development of 
the spore-producing apparatus of P. nudum, portions shown. x 40. Fig. 12. T.s. through the line 
of dehiscence of P. nudum. x 40. Fig. 13. T.s. through the lower end of the line of dehiscence of 
P. nudum. x 40. Figs. 14-17, 18-22. Serial t.s. of the vascular supply to two fertile appendages 
of P. nudum; comparable levels in the two are represented by Fig. 14 and 20, 17 and 22. Fig. 14 
represents the tracheary elements at the very base of the spore producing apparatus, Fig. 17 just 
above the lower limits of the three loculi; in the series 18-22, Fig. 18 is taken at the base of the 
fertile appendage. The arrows indicate the positions of the loculi. x 150. Figs. 23-26. Succes- 
sive stages in the development of the fertile appendage of Tmesipteris tannensis. x 40. 
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(1884) had previously presented a brief 
description of the early stages of develop- 
ment of the fertile appendage and had 
pointed out that the spore-producing 
apparatus was an outgrowth of the upper 
( adaxial ) surface of the fertile appendage. 

In the material described here the 
archesporial tissue originates as several 
cells cut off by periclinal divisions of the 
superficial cells just behind the apical cell 
of the spore-producing apparatus, in a 
manner very similar to the way in which 
the precursor to the cortex is produced in 
the apex of the vegetative shoot. Goebel 
(1881), on the other hand, described the 
archesporium as originating with a single 
cell in each locule, but it should be kept in 
mind that he did not see this cell. Bower 
( 1894) admitted that he could not trace 
this tissue to a single cell. 

Following the establishment of the three 
areas of archesporial tissue, the young 
spore-producing apparatus becomes dis- 
tinctly trilobed as viewed externally. 

In section, each of the three arches- 
porial areas becomes more extensive due 
both to increase in cell number and in 
cell size ( Fig. 9). The cells of the outer 
two to five layers of each archesporium 
become considerably larger in diameter, 
less dense in cytoplasmic content, and are 
thinner-walled than the cells of the single 
central mass within each locule ( Fig. 10). 
The superficial cells of the spore-producing 
apparatus divide periclinally producing 
an outer and an inner layer of cells. The 
latter in turn divides producing two to 
five layers of cells which become somewhat 
flattened in the periclinal plane ( Figs. 
10,11). In addition, numerous anticlinal 
divisions occur in the surface layer and 
some elongation occurs in an anticlinal 
direction. À line of dehiscence is formed 
on the upper two-thirds of each locule as 
the result of the failure of two to four rows 
of superficial cells to elongate anticlinally 
( Figs. 12, 13). All of the cells of the 
outer wall layer become thick-walled in- 
cluding those associated with the line of 
dehiscence. The superficial cells are 
strongly elongate anticlinally in the zone 
on either side of each of the three lines of 
dehiscence (one per locule) (Fig. 12). 
Just proximal to each line of dehiscence 
(Fig. 13) anticlinal cell elongation is not 
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pronounced, and also in this portion of 
the wall the superficial zone is two to three 
cell layers thicker than in those portions 
where anticlinal cell elongation of the 
outer wall cells is pronounced. Dehis- 
cence takes place under suitably dry 
conditions. The outer wall cells shrink 
and opening occurs along the three lines. 
The opening continues until the entire 
spore-producing apparatus appears as if 
its upper half had been removed. The 
whole process is completed in 15 to 20 
minutes under dry laboratory conditions. 
This process of dehiscence was apparently 
understood by Campbell (1928; p. 505, 
Fig. 291) but Wettstein ( 1933 ) and also 
Eames (1936), who reproduced Wett- 
stein’s illustrations, show dehiscence as the 
falling back of the three resulting portions 
of the spore-producing apparatus after 
the cells along the line of dehiscence 
( illustrated as extending the entire length 
of the spore-producing apparatus ) in some 
way became disrupted. 

The derivatives of the primary arches- 
porial areas, following that stage where 
each archesporium is first differentiated 
into an outer and an inner zone, go through 
the following changes. The large, thin- 
walled, innermost cells of the outer zone 
begin to break down. The central mass 
composed of smaller cells with dense 
contents ramifies ( Fig. 10) by frequent 
mitotic divisions so that it develops lobes 
which project among the nearby cells 
which are beginning to break down. At 
this stage the central tissue derived from 
the primary archesporium is lobed to such 
an extent that, in any one section, the 
central mass of meiocytes appears to be 
intermixed with the adjacent larger, thin- 
walled cells. As pointed out above, the 
latter have begun to break down and 
produce the fluid medium of the locule. 
If, however, the series of sections through 
the central mass of meiocytes is followed 
carefully, it can be seen that this mass 
is a single unit. The facts thus contra- 
dict the views of Strasburger (1873), 
Goebel ( 1881 ), and Bower ( 1894), who 
state that there is a diffused tapetum as a 
result of the disintegration of a consider- 
able portion of the more central cells in 
addition to the outer layers of the tissue 
derived from the primary archesporium. 
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The writer’s observations support the 
concept of an outer tapetum, separate from 
the mass of meiocytes, but still, as the 
other authors have reported, derived from 
the primary archesporial tissue. Cell 
breakdown continues from the inside 
outwards. The mass of meiocytes begins 
to separate into groups of cells ( Fig. 11) 
and ultimately into essentially single cells. 
They are in groups of two to eight cells 
when disorganization of the tapetum is 
nearly complete and when the meiocytes 
are in zygotene of the first meiotic pro- 
phase. The meiocytes are almost com- 
pletely separated from each other before 
diakinesis. 

In sections of the vegetative axis just 
below a young fertile appendage before 
vascular differentiation, the procambial 
strand is radially symmetrical and is 
equally forked. The radial symmetry 
of the procambial strand no longer exists 
in corresponding sections of older material. 
After completion of vascular differentia- 
tion, radial arms of xylem are present on 
the stem stele except on the side towards 
the appendage trace. The trace to the 
appendage also loses its radial symmetry 
as the result of the development of a single, 
exarch, monarch xylem mass. This trace 
at its point of departure from the stem 
stele is continuous with a xylem arm of 
the stem stele which is absent at a slightly 
higher level. 

The trace of the fertile appendage 
departs from the stem stele as a small 
group of three to five tracheids, sur- 
rounded by two or three layers of cells 
similar to those of the phloem region of 
the stem and, in some cases, surrounded 
in turn by an endodermis. The trace 
traverses the stem cortex at an angle of 
about 30° to the stem stele, enters the 
fertile appendage, and proceeds directly 
into the base of the spore-producing 
apparatus where the number of tracheids 
increases to as many as ten ( Figs. 14, 
20). At about the lower limit of the 
three locules, the xylem mass of the trace 
divides into three groups, each corres- 
ponding in position to one of the three 
locules (Figs. 14-17, 18-22). There is 
often one tracheid which does not join 
one of the three resulting xylem strands 
(Fig. 22). The three strands are all 


directed toward one of the three locules 
at about 30° or less to each other. They 
extend as far as one-fourth the distance 
up the central mass of sterile tissue in the 
spore-producing apparatus before ending 
blindly. Previous reports in the literature 
indicate that the trace enters the spore- 
producing apparatus and travels to a level 
near the lower limit of the locules where 
it “ fades out ” undivided ( Bower, 1894). 

Psilotum complanatum — The available 
material was not sufficient for develop- 
mental studies on the fructifications of 
this species, however, mature fertile 
appendages were studied. 

Transverse serial sections of several 
fertile appendages revealed that they were 
almost identical to those of P. nudum. 
The vascular trace supplying the fertile 
appendage divides into three units after 
entering the spore-producing apparatus. 
This again, as in P. nudum, has not been 
reported previously. 

Tmesipteris tannensis — The fertile 
appendage of Tmesipteris originates from 
the shoot apex in a manner very similar 
to that of Psilotum. It is, however, con- 
siderably smaller in relation to the apex 
of the vegetative shoot. A radial section 
at an early stage, before the sterile appa- 
ratus is initiated (Fig. 23), is strikingly 
similar to a corresponding section of 
Psilotum. There is a distinct apical cell 
which cuts off segments which give rise 
to derivative cells in a manner similar to 
that in the apex of the vegetative shoot. 
A broad bulge is very early evident on the 
abaxial side of the young appendage 
(Fig. 24). It soon becomes bilobed and 
develops into the characteristic, forked, 
sterile apparatus, as in Psilotum. In 
Tmesipteris, however, a procambium deve- 
lops in each of the two lobes of the sterile 
apparatus which is ultimately differen- 
tiated into a vascular trace similar in 
structure to the traces which supply the 
sterile appendages. 

Behind the apical cell of the fertile 
appendage, meanwhile, two primary 
archesporial masses become visible, ( Fig. 
25 ) and, as in Psilotum, are in a position 
comparable to that tissue of the apex of 
the vegetative shoot which is the precursor 
to the cortex. Divisions in the arches- 
porial masses and in the walls of the two 
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young lobes result in a considerable lateral 
bulging (Fig. 26) just below the apical 
cell which at about this stage loses its 
identity. The apex of the spore-producing 
apparatus, which is the same as the apex 
of the fertile appendage, then is repre- 
sented by the exposed end of the septum 
separating the two locules at maturity. 
This interpretation is identical to that 
made for Pstlotum. 

Bower (1894) interpreted the spore- 
producing apparatus as an adaxial out- 
growth just below the actual apex of the 
fertile appendage, as he also interpreted 
Psilotum. The apex of the fertile append- 
age at maturity, according to Bower’s 
interpretation, is represented by the axil 
between the spore-producing apparatus 
and the sterile apparatus of the fertile 
appendage. 

The vascular trace, which enters the 
base of the fertile appendage, divides into 
three just below the spore-producing 
apparatus ( Juränyi, 1871; Sykes, 1908 ). 
Of these three traces, one enters each of 
the two lobes of the sterile apparatus and 
the third enters the base of the spore- 
producing apparatus. In the material 
described by Juränyi (1871) and Sykes 
(1908), the bundle on entering the base 
of the spore-producing apparatus branched 
in the plane of the septum into three, two 
relatively large bundles and one quite 
small. Each of the two larger bundles 
turned outwards and ran up one edge of 
the septum or the two in some cases met 
at the top to form a complete loop. The 
third, smaller trace, proceeded straight up 
the center of the septum for a very short 
distance, then “faded out”. In the 
material used in the present study, the 
trace on entering the base of the spore- 
producing apparatus divided into two 
equal halves, each of which ran up one 
edge of the septum. The third was com- 
pletely absent. Every tracheid in the 
unbranched portion could be accounted 
for in one of the two resulting traces. 

The structure of the wall of the spore- 
producing apparatus differs slightly from 
that in Psilotum. The inner wall some- 
times has one or more cell layers in excess 
of those in Psilotum. The cells of the 
inner wall are similar to the chlorenchyma 
of the sterile apparatus in terms of the 
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peculiar distribution of intercellular spaces 
not associated with cell vertices. The line 
of dehiscence is formed, as in Psilotum, by 
the failure of two to four rows of cells in 
the outer wall layer to enlarge anticli- 
nally, and is not associated with rows of 
thin-walled cells as reported by Sykes 
( 1908 ). 


Discussion 


An attempt to arrive at a logical inter- 
pretation of the morphological nature of 
the spore-producing apparatus of the 
fertile appendage in the Psilotaceae must 
take into account the following items: 

(1) The spore-producing apparatus is 
clearly terminal on the fertile appendage 
in both Psilotum and Tmesipteris. The 
writer does not wish to say that one or 
more sporangia are terminal on the spore- 
producing apparatus (see below). The 
apical cell which is present at the apex of 
the young spore-producing apparatus is 
easily and clearly traced, in a complete 
developmental series, to the apical cell 
which is present at the apex of the young 
fertile appendage before the initiation of 
the sterile apparatus, which occurs several 
cells below the apical cell. 

(2) Three separate archesporia originate 
behind the apical cell of the young spore- 
producing apparatus. 

(3) The apical cell of the young spore- 
producing apparatus continues to function 
as an apical cell for a short period after 
the initiation of the three archesporia. 

(4) At maturity, in Psilotum, there is a 
separate vascular trace (quite reduced) 
corresponding to each of the three locules 
of the spore-producing apparatus. 

(5) At maturity, in Tmesipteris, there 
are two locules in the spore-producing 
apparatus, and two lateral traces in the 
septum between the two locules. Pre- 
vious reports ( Juränyi, 1871; Sykes, 
1908) indicate the presence of a third, 
much reduced, trace running a short 
distance into the center of the septum. 

From the separate origin of the arches- 
poria and the presence of a vascular trace 
to each locule, it is suggested that each 
locule represents a separate sporangium. 
From the continued apical growth of the 
spore-producing apparatus after the ini- 
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tiation of the sporangia, and from the 
presence of a third trace in the central 
septum in Tmesipteris, it is suggested that 
the sporangia (locules) are arranged 
around a central axis which still persists. 

Bower (1894), Hofmeister (1851), 
and “‘foliarists’’ in general considered 
the sterile apparatus of the fertile appen- 
dage to represent a single forked structure. 
Dangeard (1891) is exceptional in that 
he considered the fertile appendage in 
Tmesipteris to represent two ‘leaves’ 
fused at their base. Many of the “ axia- 
lists”, e.g. Zimmermann (1930), con- 
sidered each of the, generally, two lobes 
of the sterile apparatus to represent a 
separate unit. On ontogenetic grounds, 
either interpretation is possible. The 
sterile apparatus appears to originate as 
a single structure from the apex of the 
young fertile appendage in a manner very 
similar to the way in which sterile append- 
ages originate on the apex of the vege- 
tative shoot. Two separate lobes are, 
however, initiated in the sterile apparatus 
so early in ontogeny.as to make it very 
difficult, if not impossible, to state with 
certainty that the two lobes are of separate 
origin or that they arise as the result of 
forking of a single structure. In Tmesip- 
teris, where the sterile apparatus is vas- 
cularized, the two traces which supply 
each of the two lobes branch off at the 
same level from the main trace to the 
fertile appendage, but on different sides 
of the main trace. From this, it is 
suggested that each of the two lobes of 
the sterile apparatus of the fertile append- 
age in Tmesipteris, and in Psilotum by 
analogy, represents a separate morpho- 
logical unit and that together they do not 
represent a single branched morphological 
unit. 

Sahni (1923) described three fertile 
appendages of Tmesipteris vieillardi which 
were different from those usually con- 
sidered to fall within the normal range of 
variation. Two of them were. borne to- 
gether in a lateral position on the vege- 
tative axis. They were unusual in that 
each was symmetrical and bore at the tip 
a tri-locular spore-producing apparatus 
subtended by a vertical of three leaf-like 
lobes alternating in position with the 
three loculi above. The third was borne 


in a terminal position on the axis. It had 
at its apex a bi-locular spore-producing 
apparatus subtended by a verticel of two 
leaf-like lobes alternating with the loculi 
above. From these he suggested a 
possible verticillate plan of organization 
for the fertile appendages of the Psilota- 
ceae. He interpreted zygomorphy in 
the usual types of psilotaceous fertile 
appendages as being primarily the result 
of crowding. 

In re-introducing the hypothesis that 
fertile appendages in the Psilotaceae are 
fundamentally verticillate in organization, 
it is essential to recaptulate the evidence 
upon which this hypothesis rests: 

A. The fertile appendage represents a 
branch as shown primarily by ontogenetic 
studies reported in this paper and else- 
where (see text). 

B. Each lobe of the spore-producing 
apparatus represents a single sporangium 
(see points 2, 4, and 5 above). 

C. The sporangia (two or three) are 
arranged in a whorl around a central axis 
which still in part persists ( points 3 and 
5 above). 

D. Certain unusual types of fertile 
appendages occurring in Tmesißteris 
(Sahni, 1923) diagrammatically fit a 
verticillate plan of organization. 


Summary 


The sterile appendages of Psilotum 
nudum originate presumably as the result 
of a “ wave action ” brought about by a 
close series of anticlinal cell divisions in 
the superficial layer of the shoot apex. 
This is followed by block meristematic 
activity below or within the young append- 
age. Meristematic activity very early in 
ontogeny becomes restricted to the basal 
portion while in the distal portion of the 
appendage, cell elongation is prominent. 
No apical cell could be identified in the 
sterile appendage. In P. nudum and 
P. complanatum a vascular trace may be 
associated with a sterile appendage, but 
it never extends beyond the cortex of the 
stem. In P. nudum and Tmesipteris 
tannensis the fertile appendages originate 
as the result of a dichotomy of the vege- 
tative shoot apex. The dichotomy may 
be an equal one which later becomes 
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overtopped in P. nudum, but usually shows 
overtopping from the start in 7. tannensts, 
In both P. nudum and T. tannensis the 
apex of the young fertile appendage which 
is identical with the apex of the spore- 
bearing portion of the appendage contains 
an apical cell which persists as such for a 
period after the initiation of the two or 
three archesporia. The sterile portion 
of the fertile appendage ( leaf-like lobes ) 
originates in a manner similar to the way 
in which the sterile appendages originate 
on the vegetative apex. In P. nudum, 
and P. complanatum the vascular trace 
which enters the base of the spore-bearing 
portion of the fertile appendage branches 
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into three parts, each of which corresponds 
in position to one of the three loculi. In 
T. tannensis the third vascular trace 
previously reported running up the center 
of the septum separating the two loculi 
was completely absent in the writer’s 
material. The fertile appendage of the 
Psilotaceae is interpreted as bearing a 
verticel of sporangia (two or three re- 
maining ) fused to a central axis and a 
verticel of sterile appendages ( two or more 
remaining ). 

The author wishes to express apprecia- 
tion to Dr E. C. Abbe and to Dr H. P. 
Banks for their numerous suggestions and 
criticisms. 
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